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claim either to the gift 
vl of second oe a lopment of Science than may be the 
“ plenty Nor is it our purpose to write 
Wint colebeaied Prodromus,” in which 
an imitation of Win por 
, tever they think prop 
lex merely to call the attention of our fe hich hold out great 
a ‘ally to certain researches which 
me- cially of students, to c lowed up, will undoubtedly 
As romise, and which, if duly followed up, of 
hile ‘oom a most important influence on the very foundations 
nce 
chemistry. founda- 
‘0 It must be confessed that, as regards Tnewicine is not 
rto tions, the alphabet of the science, our decree 
and fl tisfactory in the highest degree. 
the merely limited, but unsatis y hemists quietly accept 
the Look at our “elements.” Most c = lh ye perhaps 
+“ them as ultimate faéts, and work wit letly ‘waiving 
its eae a less judiciously, quietly w 
le play with them—more or judicious! in. Are they ab- 
tee all inquiry into their nature and their origin. Are t j 
d to istinct from the beginning, an 
solutely elementary bodies, distin f 
ated ' her nor into any forms o 
resilvable neither into each othe 
y be matter still unknown ? Or are they te 
in the mere relative acceptation that their 
a task not within our present knowledge an our 
ely We any evidence of their simplicity other tha 
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gtandfathers had of the supposed elementary ae 
potash and soda prior to Davy’s great discovery : f them 
Pounds, are they all of the same order, or are some 0 turn, 
Pethaps, resolvable into the remainder, whilst these, in t un- 
Consist of ultimate—or at least ulterior—bodies, as yet u 
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of a machine, or the parts of a dissected puzzle, 
their number and purpose, and all necessary t 
result? Or are they a mere fragmentary and 
group of objects with which we build our Lagerungs forme 
just as children construct their sand forts and shell grotto 
on the shore? What would be the impression of a man, 
inquiring mind if for the first time made acquainted with 
the so-called elements and their leading properties? } 
would see a list of some sixty bodies, from which, he is told 
all things visible or tangible—all matter, in short—are com. 
pounded. But why their number should be between 60 ani 
70, rather than between 30 and 35 or between 160 and 170, 
no reason is given or even conjectured. Some of them, he 
is informed,—such as oxygen, hydrogen, nitrogen, silicon, 
aluminium, and sulphur,—are exceedingly abundant 
Others, on the contrary,—as vanadium, thallium, indium, 
czsium, and gallium, occur only in minute traces. Some 
are widely distributed, and others concentrated in compara 
tively few localities. ‘Turning to their properties he finds 
equal difficulties. Here he will see a number of “ elements” 
identical, or at least closely approaching, in their atomic 
weights. There, on the contrary, he finds wide gaps. Thus 
betweeen cerium (140) and erbium (178) there intervenes 
not an element. A smaller blank is found between bismuth 
(208) and thorium (231), between tungsten (184) and 0s 
mium (195), between zinc (65) and arsenic (75); whilst, o0 
the contrary, between 86 and 96 we number six elements 
and between 195 and 200 five (see Table I.). These gaps 
may, indeed, be possibly filled up by the discovery of some 
rare element, but there is also the possibility that new ds 
coveries may fall in the more thickly-filled parts of the series 
With those properties of the elements which cannot as ye 
be exhibited in a numerical series the case is very simlla. 
There are groups showing a close approximation in ther 
characters and behaviour. There are elements which stat 
comparatively isolated. 

How are all these facts to be explained on the theory : 
elements primordially distinét ? Popular opinion, her 
elsewhere, takes refuge in teleology. The elements i thet 
respective proportions and in their distribution exist, 
find them, for the sake of man’s convenience. We «ml! 
to this hypothesis. Look at sulphur; where existiig ® 
quantity the very key with which we unlock the pecs 
house of Nature—no less essential to the chemical tocar 
gist than is iron to the engineer; but where occuttily f 
small quantities, what a source of evil! Take the 
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|: there is probably no purpose to which we apply it— 


re metallurgy, in the gas-manufacture, in the generation of 
tal steam, or in domestic economy—where its value is not 
ul seriously impaired, and where nuisance and danger are not 
. occasioned by the presence of a small percentage of sulphur. 
of Far too little and far too equally distributed to be worth, or 
ith even capable of, extraction, it is yet far too much to be in- 
He ative, or other than formidable. Or, again, take phos- 
ld phorus : absolutely necessary to our existence, and, of | 
MM: course, most valuable when met with in quantities and forms 
and capable of utilisation ; but when found, as it so frequently 
70, fe is, in traces accompanying iron, it is the source of incalcu- 
‘he HE lable loss and annoyance. Or, consider arsenic; on teleo- 
On, logical principles, surely, a substance so poisonous, and yet 
ant. at the same time so useful for certain technological pur- 
un, poses, should have been concentrated in some few places. 
ome But we find it very widely disseminated, present to a serious 
ara: extent in most iron pyrites, and thus contaminating sulphuric 
inds and hydrochloric acids, and through them a variety of other 
ats” chemicals, 
ymic Qn the other hand, we look at the case of gold: had it 
‘hus fi =—been more abundant, its low affinity for oxygen and sulphur 
enes J and its power of resisting the ation of organic acids would 
nuth have rendered it exceedingly important, both for manufac- 
| 0S turing and domestic purposes. Were gold as plentiful as 
t, on copper the latter metal would be entirely banished from 
ents, dye- and print-works. 
paps As for the rarer metals, if they exert any function it es- 
some me =6apes, as a rule, our notice, whilst not a few of them, if 
dis common, would have been highly important. Thus on 
ris teleological principles we see nothing to explain, either the 
s ye number, the relative amount, or the local distribution of 
ilar. the elements of many of them, scarcely, even, the very 
ther existence, 
stand Ri, turn, therefore, to another point of view. The array 
1 the elements cannot fail to remind us of the general 
ry 0 aspect of the organic world. It shows us the same gaps 
ee due to our old acquaintance, the “ missing link,” or rather 
the! aan jon-appearance. In both cases we see certain groups 
a : filled up, whilst other forms stand isolated. Both dis- 


Py species that are common and species that are rare. 


a a it seems natural, in the one instance as in the other, 
. xb nis existing forms not as originally present, but as the 
a coer of a process of evolution, or, if the reader likes the 
¥ Pression, the residue after a ‘struggle for existence.” 


rtain forms not in harmony with the present general 
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conditions have disa ‘ed: 
class are abundant because 
to their formation and preservation “Th 
_ be remembered, is not the closest, and eat : 
pus ed too far. There is of necessity a wide dite xe 
species composed of lifeless beings 
reproduction, and decay, and species con of 
ving organisms. From the nature of the cas the = 
not occur the elements 9 any distin&tic € there Cal 
ook ”’ tells us nothing of extinct el 
for a moment suggest that ements. Nor would we 
the course of ; or that th 
exist are in course of modification 
fat took pines such changes, in as 

, must have been 
ich it consists, was 1 

from its present condition. 
ance for these distinctions, if evolution is the as of the 
ary bay manifested in the heavenly bodies, in organic ind 
Hag oe oe in organic species, we shall probably recognise 
aaa PN under an especial aspect—in those elements 
ple or a ars and organisms are, in the last resort, 
ee is the evidence that the elements have been 

y the “ expansion ”.* of some few antecedent pnn- 
ot * present hidden, or perhaps from one only primor- 
: = . of matter? Were our attention confined to out 
ove. Fant we might perhaps find little either to verify of 
sie ute our hypothesis. But if we institute a compara: 
of the chemical composition of different 
de A odies, as revealed to us by the spectroscope, evi: 

nce will be found. Into its nature and value we will now 
proceed to enquire. 

On an examination of the spectrum of our sun we recog: 
nise certain elementary bodies as decidedly present in his 
atmosphere. ‘These are sodium, calcium, barium, magne 
sium, iron, chrome, nickel, copper, zinc, hydrogen, alum 
titanium, manganese, and _ possibly strontium, 
es mium, and cobalt. The following terrestrial elements, 

owever, appear to be absent :—Gold, silver, mercury, 
dium, tin, potassium, lead, antimony, arsenic, lithium 


* See Quarterly Journal of Science, January, 1877, Pp» 26. 
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silicon, glucinum, cerium, lanthanum, didymium, ruthenium, 
‘idium, palladium, and platinum. The remaining terres- 
trial bodies may possibly still be discovered in the sun, as 
there are many lines not yet identified. On the other hand, 
it is quite possible that some of these lines may indicate the 
presence in the sun of elements other than our own, and 
possibly of a simpler nature. mer 

The spectra of the stars again differ from those of the 
sun. Meteorites have not, to our knowledge, been subjected 
to as careful and thorough spectroscopic examination as 
they deserve ; but on ordinary chemical analysis they are 
found to contain some of the elements present in the earth, 
but wanting in the sun, viz., silicon, potassium, tin, and 
probably antimony, arsenic, and lead. 

Thus we see that nineteen well-characterised terrestrial 
elements are absent in the sun. ‘To explain this fact three 
hypotheses may be proposed :—We may assume that each 
sun or planet is a body independent in its origin and mate- 
rials, and not therefore necessarily containing the same 
chemical elements as its neighbours. ‘This view is, of 
course, irreconcilable with the nebular hypothesis, and 
though it might have met: with general acceptance in the 
beginning of the century, we think it will fail to command 
the assent of the most judicious physicists of the day. 

Or, secondly, we may conceive that the missing elements, 
irom some of their attributes, are more likely to escape ob- 
servation than are others. It is quite possible that simple 
bodies present in the sun in exceedingly small proportions 
—bodies of very high specific gravity or of sparing vola- 
tility—might not be recognised in the spectrum; but on 
pong carefully over the list of the missing elements we can 
scarcely pronounce such considerations admissible. Among 
these elements we find one, silicon, which on our earth ranks 
nrg ra most plentiful bodies. We perceive, indeed, cer- 
of a decidedly fixed character,—such as gold, 
tenall ane iridium,—but along with these occur such 
atile substances as potassium, mercury, arsenic, 
rold and py lhe heaviest bodies are included, such as 
but also lithium and potassium, which 
yoo 3 y light. Perhaps we may say that the missing 
those bod; ne on the average, higher atomic weights than 
ached > ound present in the sun.* Yet the former list 

*S §tucinum and lithium, which rank, in this respect, 


Thi 
IS Circ 
umstance, 


we think, favours the hypothesis of the compound 
ure of our Present elements, 


ts 
rt, 
en 
ur 
or 
a* 
nt 
is 
nl: 
m, 
ts, 
bf 


294 The Chemistry of the Future. Jah 

among the lowest of the metallic clements. We q 
therefore, see any reason why the above nineteen ia > 
if present in the sun, should elude our researches. 

The third hypothesis seeks to account for the abses 
certain terrestrial elements in the solar atmosphere = : 
suming that at the temperature there existing such dues 
be or rather that they could never b 
ormed. 1is supposition may be test : 
Pp y ed by the following 

a. Physicists conclude that all the fixed stars are by no 
means equal in the energy of the thermic phenomena which 
they display. Some emit a pure and intense white light 
and seem to be hotter than our sun ; others, of a deep velloy 
or red hue, are supposed to be in a more advanced stage of 
their career, and to have greatly cooled down. If this thiri 
hypothesis is correct the white stars will contain none of 
the elements absent in our sun, whilst some of those distin. 
guished in him will in them probably be missing. With 
the redder—or, generally speaking, the more highly-coloured 
—stars, on the contrary, some of the elements absent in our 
sun ought to be recognised, and none which are found in 
him ought to be wanting. There is also, as we have already 
hinted, a further consideration: if any of our elements can: 
not exist in the sun or in the stars, it becomes highly probable 
that in the solar and stellar spectra there will be indications 
of bodies, not existing as such, on our globe, but which are 
the materials from which such missing elements are com: 
posed. Mr. Lockyer, to whose researches in this direction 
we shall shortly refer, considers that a series of photographs 
of stellar spectra will afford valuable information in regatl 
to the constitution of certain substances now regarded 4 
elementary. We may here remark that the discovery, 
the sun or in the stars, of any element not found in the 
earth, is, with the means at our disposal, scarcely concélt 
able. The spectroscope shows us certain lines: some’ 
these we identify with the characteristic lines of terrestrial 
elements; others we fail to identify, and therein we reach, 
for the present, our limits. How can we, from out of the 
mass of unidentified lines, select one as characteristic of 4, 
another as belonging to y, and a third as peculiar to’, whet 
these bodies are strictly, to us, unknown quantities ? 

b. The next method for the verification of the above") 
pothesis is a direct attack of some of the supposed elemenis J 
—perhaps preferably some of the nineteen found wanting 
the sun—from the most promising point of view. | f 
may, perhaps, be little hope that any of our present simp 
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bodies can be successfully assailed by any chemical process 
“pure simple,” that is, by bringing it into reaction with 
any agent calculated to abstract from it some one of its 
inknown constituents, setting another (or others) at liberty. 
Probably an intense temperature would be the most likely — 
means of approaching the conditions existing in the sun. 
A practical difficulty is here to be encountered or evaded. 
It is perfectly possible that at extreme temperatures some 
element might be dissociated,—the result may have been 
obtained already,—but that on cooling re-combination has 
taken place, the apparent result being m7. Mitscherlich 
and Pliicker have observed, some years ago, that in the hy- 
drogen flame iodine showed broad bands, whilst in the far 
higher temperature produced by the electric spark it dis- 
played merely bright lines. Hence, if it be correct that 
bright lines are characteristic of elementary bodies, whilst 
bands are produced only by compounds, it may be inferred 


th that iodine when heated in the spark becomes dissociated, 
ed and resolves itself into some elements not yet detected. 

ut But the substance whose elementary character has been 
In of late most strongly called in question is calcium. Some 
dy time ago Mr. Lockyer declared his conviction that it is not 
; a simple substance, but that the H lines in its spectrum are 


due to two elementary bodies of which it is composed. In 
the photographs of the spectrum of a Lyre taken by Dr. 


ait Huggins only one of these H lines is present—a fact which 
Wi leads to the inference that only one of the constituents of 
rs the metal calcium can be present in the stara Lyre. This 
x point, therefore, requires a most careful examination. It is 


interesting to find that researches of a totally different cha- 
-racter have led an eminent chemist of the present day to 
be rg gtave doubts concerning the homogeneous nature 
issame metal. Whether the phenomena observed in- 
Icate that calcium is really a compound which under 
circumstances suffers a partial decomposition, or 
vhether they merely prove that under the name of calcium 


i pa two—or perhaps more—metals, identical in 
fs won ee weights, and closely approximating in their 
het Properties, as is the case with cobalt and nickel, 
the gentl © premature to decide. Nor can we anticipate 

hy: which “o concerned by indicating the class of reactions 
ant Should th is now submitting to a rigorous examination. 
gi | either psig suspicions be confirmed the result will be in 
here pected Jj 5 interesting, and may probably throw an unex- 
nple and ph 8 upon certain questions in geology, mineralogy, 
yslology. Still, in the second alternative, instead of 
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finding ourselves on the road towards a decrease in 4 
number of our elements, we shall have another, or perha 
two more, to account for and to harmonise . 

We now pass to the consideration of researches havin 
no direct connection with the question we have just beer 
handling, but which still indirectly testify in favour of the 
compound nature of our so-called elements. A law hy 
been proposed which exhibits these ‘‘elements” not as a hap. 
hazard assemblage of independent bodies, whose number 
properties, and atomic weights might have been other than 
we find them, but as a definite series, or rather group of 
series, whose members bear to each other relations somewhat 
similar to the successive grades—e.¢., of oxidation—of some 
one supposed element. The law in question, though it does 
not remove the teleological difficulties inherent in the 
respective quantities and the distribution of the simple 
bodies, solves, at any rate, some of the hitherto unanswered 
questions which they have put before us. It does more; it 
enables us to declare not merely that.a link is wanting in 
the series, but to foretell with tolerable accuracy not alone 
its atomic weight and its specific gravity, but even certain 
of its reactions. The prevision of phenomena not yet ob- 
served has been rightly declared by methodologists to be one 
of the principal distinctions between a science, in the stnc 
sense of the term, and a mere accumulation of unorganised 
knowledge. We still hear mention, from time to time, 0 
the splendid triumph achieved by Astronomy, when Levernet 
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—having from certain observed facts deduced the existence p 
of a planet as yet unknown—was able to calculate its dis = 
tance, its' mass, its orbit and probable position, and when b 
his announcements were found verified on the telescopi p 
examination of the part of the heavens indicated. Such @ b 
fulfilment of his forecasts was a verification of astronomical b 


science perfectly intelligible to the outside public. Prot. . 
Mendeleeff, by the application of his “ periodic law, . 
able to foretell distinctly, in 1869, the properties of a meta n 


then unknown, to which he gave the name of “eka = I 
nium.” On the evening of August 27th, 1875, M. Lecog 
Boisbaudran, being engaged with the examination— 
and spectroscopic—of a blende from the mine of Pierre ri D 
discovered a new metal, to which he has given D 


name of “ gallium,” in honour of his country. He do 


not appear to have been acquainted with the george m ) 
of M. Mendeleeff, which, till their startling 


not by any means attracted the attention wilt r 
doubtedly merit. The more thoroughly, howevél, ™ 
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je Boisbaudran succeeded in purifying the bod 
tad obtained, and in accurately dotitmining its 
ond reactions, the more closely did it approximat P ¢ 
e to M. 
Mendeleeff’s “eka aluminium.” It must be distinctly u 
derstood that the prediction had not been couched in oon 
seneralities like the prophecies of the late F is h f 
Physician. In 1869 M. Mendeleeff wrote as eer te 
atomic weight will be El=68; its oxide, EI1,O, ; 
will present the formula EIX,. Thus its ( aly ? 
3° only ?) chloride 
will be EICL,, yielding on analysis 39 per cent of metal and 
61 of chlorine, and will be more volatile than ZnCl. Tes 
sulphide, ELS., or oxysul hide. EL(S . 2° ts 
itable b sulph tted h » El(S,O);, will be preci- 
‘iphide, phuretted hydrogen and insoluble in ammonium 
“The metal will be easil 
specific gravity will be 5° sily obtained by reduction ; its 
will be II'5 it will its atomic volume 
; most fixed and fusible at a | 
ing oxidised in contact with 
The pure metal melted will be 
and alkalies. Th cked by the acids 
: ron 
insoluble in water, 
basic salts, El (OH,X The oxide will form neutral and 
EIK(SO,),12H,0, will but not acid salts; its alum 
ill be more soluble than the correspond- 
properties of E],0 bei and less crystallisable. The basic 
more decided than those of AI,O,, 
bonate of b of ZnO, it will be precipitable b “A 
ot baryta. The volatili y car 
properties of the sali atility, as well as the other 
between those of al ne compounds of Il, being the mean 
bable that the A pags and those of indium, it is pro- 
analysis, as was the will be discovered by means of spectrum 
nalen ” (Supplement- — may be read in ‘* Liebig’s An- 
indeed been most Vili., 133, 1871), and it has 
the metal as saa as at confirmed by the properties of 
must particularly b by M. Lecoqg de Boisbaudran. We 
prediction and mind that this accord between 
3 a State more closely ok tained in larger quantities and 
brated French chem} pproximating on purity. The cele- 
forecast ist, indeed remark S . 
bee of M. Mendeleeff verified 
nled to seek for calli rified altogether, I should have 
gallium in the precipitates formed by 


ammonia 

» and not 

VOL. VIL. (Nus,) as I have done, in the ammoniacal 
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solutions. In fact, the properties of the hypothetical metal 
ought to ‘present the mean between those of aluminium 
and indium,’ metals whose oxides are almost completely ip. 
soluble in ammonia.” Yet in a footnote he very material 
qualifies this deliverance. He there states—* (Oxide ¢ 
indium is generally considered almost insoluble in ammoni, 
a property which is utilised in its separation. As for alumina 
its solubility in ammonia, though slight, is sensible, It rt 
mains to be seen whether the great delicacy of the spectral 
reaction of gallium, and the minuteness of the quantities 
upon which I have operated, may not have caused met 
over-rate the relative insolubility of gallic oxide in ammonia,” 
We cannot here help pointing out that the solubility of hy. 
drated alumina in ammonia is sufficiently great to vitiate an 
analysis, even for technological purposes, - unless certain 
well-known precautions are observed. Hence gallia may 
still be taken up by ammonia to an extent amply sufiicient 
for spectroscopic purposes, even if considerably less soluble 
in that medium than is alumina. 

_M. Lecog de Boisbaudran further observes that without 
the particular method followed in the present investigation 
neither the theories of M. Mendeleeff nor his own would 
have, for a long time, led to the discovery of gallium. 
With all due deference we must submit that this points 
utterly beside the question. If certain theories enable us 
to foretell corre¢tly the properties of a metal as yet undis 
covered, their value is established, and whether the ultimate 
discovery of such metal was due to the prediction 1s a mett 
secondary consideration. : 

M. Mendeleeff has also announced the probable existent 
of another metal, to which he gives the name of “eke 
silicium,” Es=72, forming an oxide EsO,. Its propettits 
ought to be intermediate between those of silicium and . 
and it is to be especiaily sought for among acsensesons & 
titaniferous minerals or residues. ‘To the discovery of this 
metal—if metal it may be called, since even tin Is relegate 
among the non-metallic bodies by chemists whose pee 
are entitled to respe¢t—we must look forward with en 
interest, not so much for its own sake as for the light wale 
it must throw upon the theory in question. hich 

We must now proceed to an exposition of the law wtel 
in one instance at least, we have seen so signally fs: se 
M. Mendeleeff sets out with a brief reference to the : ~ 
of those chemists who have preceded him 1n ag : 
enquiry. Gladstone, Cooke, Dumas, Pettenkoler, 
pointed out that the atomic weights of certain groups 
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ements stand in a simple regular ratio to each other. 
Thus in the calcium group, taking the old atomic weights, 
we find a progressive increase of approximately 24, the 
other properties undergoing a correspondingly progressive 
change. In the sulphur group—sulphur, selenium, and tel- 
lurium—the increase of atomic weight on the present scale 
is approximately 47, with again a progressive modification 
of properties. Similar developments, which need not here 
be particularised, have been demonstrated in the potassium, 
the chlorine, and the phosphorus groups. It has also been 
noticed, if we are not mistaken, that—although no definite 
ratio be discoverable—the atomic weights of all the common 
elements are low, and those of the rarer high. It appears, 
further, that only the elements of low atomic weight enter 
into the composition of organised beings. With the very 
limited exception of copper (Cu = 63) found in the chocolate 
nut, in the blood of certain crustaceans, and in the feathers 
of the touraco, and of zinc (Zn=65) in the ash of a pansy, 
iron (Fe=56) has the highest atomic weight of the organic 
lements.* Again, the elements with high atomic weights, 
beginning with vanadium (V=51) and chromium (Cr=52), 
with perhaps the single exceptions of manganese and iron, 
may be regarded as poisonous whenever they exist in a 
soluble condition. But although such generalisations have 
not been wanting, there has been no attempt at bringing all 
the apparently independent groups into harmonious connec- 
a M. Mendeleeff considers that the regular dependence 
ol the properties on changes of the atomic weight appears 
- clearly on the consideration of dissimilar elements, by 
“ Study of which he was led, in 1869, to the discovery of 
a periodic law.” This law he expressed in the following 
an. The properties of simple bodies, the constitution 
i combinations, as well as the properties of the latter, 
Lng functions of the atomic weights of the elements.” 
“i Is one term here so generally misunderstood and mis- 

applied, not merely b f 
a herely by persons of good general education, 
idem by Scientific writers, that the meaning of M. Men- 
aie oe scarcely be understood at first sight. The 
period "is commonly used to signify any portion of 


*It ma 
oven,” in Oi tatwe are using the term ‘‘ organic element,” or “‘ organ- 
aware of this differe erent from its usual acceptation. We are perfectly 
y plant or animal a ; but we submit that every element really assimilated 
tile intruder—e o and not merely lodged in its tissues as a foreign and hos- 
—~has the «Moneta! | in the bones of a votary of blue pill and calomel 
found in the uieeiaae considered an “ organogen.”” Lead (Pb=207) has been 
evidence what al‘lc state in the intestinal canal of insects but there is no 
iN Support o its assimilation. 
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time which we may wish to particularise ; but if we remen, 
ber its derivation we see that it means a “ journey round” 
and that it is applicable only to such portions, of time ot ¢ 
anything else, as exhibit some series of changes tending firs 
in a certain direction and then returning to, or at least ts 
wards, the point of departure. Thus a year is legitimately 
a ‘‘period,” because in it certain phenomena—astronomici 
meteorological, and organic—go through a circle of changes 
which necessarily ends where it began ; but a stretch of 10, 
or 20, or 100 years cannot be called a period, unless we cay 
discover in it some phenomenon which has its increase and 
decrease, or its recurrence in such aterm of years. In like 
manner, if we take a group of animals, of minerals, or of 
elementary bodies, and find that in them some one attribute 
increases and then decreases again to its former condition, 
or suffers any other cyclical variation, we may call sucha 
group a ‘‘ period,” and the change in question “ periodic,” 
We trust that none of our readers will feel aggrieved a 
being thus. reminded of what doubtless most of them ar 
aware, since a correct understanding on this point ts abs 
lutely necessary for the intelligibility of Mendeleefl’s lav. 
At the same time we should be very happy to find some 
word incapable of being misunderstood. 

We now turn to Table I., which exhibits the known ele 
ments arranged in the arithmetical order of their atomt 
weights. In the second and third columns we find all whos 
weights range from 7 to 36. Here we perceive that tit 
characters of the elements change gradually and regularly 
with alternating magnitudes of the atomic weights. These 
changes are periodic, taking place in both columns in the 
same manner, so that the corresponding members a 
analogous. If we compare respectively— 


we must admit that there is, between the members of a 
of these pairs, a resemblance, which in the cases of car , 
and silicon, fluorine and chlogine, is especially om 
We notice, further, that the atomic weight of each 
of the first group differs from that of the correspo 
member of the second almost exaétly by one and the - 
number, viz., 16. A correspondence of this latter 1” 
indeed, can no longer be traced between the correspon 
members of the remaining columns. If, howevet, wi 
the atomic weight of an element in column 3 (0 that 0 

representative in column 5, and divide by 2, We 


obtain # 
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approximation to the atomic weight of the corresponding 
member of column 4. 

Returning to the second and third series, we find that the 
corresponding degrees of each have the same atomicity. 
Only the last four members of each column can combine 
with hydrogen, forming respectively RH,, RH,, RH,, RH. 
Thus we see that the power of uniting with hydrogen, absent 
‘1 the first members of each series, becomes. high in the 
middle and declines again to the end. ‘The permanence or 
instability of their compounds, their acidity and power to 
exchange hydrogen for metals, change according to the 
same gradation. Thus HCl is a well-marked acid, H,S a 
much feebler acid, H,P can no longer be called an acid, and 
in H,Sithere is no residue of the acid character. In the 
corresponding members of the first column, again, HF' is 
manifestly acid, H,O neutral, H;N basic, and H,C neither 
acid nor basic. 

‘All the members of the second column combine. with 
oxygen, forming salifiable bodies, as— 


Na,0, Mg,0,(MgO), Al,O,, Si,0,(Si0,), P.Q,, 
§20,(SQ,), ; 


two atoms of the element thus combining with a number of 
atoms of oxygen, increasing from 1 to 6. This arrangement 
corresponds with the decrease of basicity and the increase 
olacidity. At the beginning of the series is a decided base, 
soda ; at the end a powerful acid, the chloric; and in the 
middle is alumina, which may be either a feeble base or a 
feeble acid. 

A regular connection may be traced, not merely in the 
ene numbers, but in other chemical and physical 
c ry or gue At the beginning of the first, second, third, 
aa series we find in each case bodies unmistakably 
whilst A at the opposite end come non-metallic substances, 
oe ose which stand on the boundary between these two 

pow take an intermediate position. 

Paley Wwe consider the same set of elements with re- 
se pe specific gravity and atomic volume, we find 
changes. Thus in specific gravity we have— 


Na=og7, Mg=1'75, Al=2'67, Si=2'49, P=1'84. 
S=2'06, Cl (liquid) = 1°33. 

Here the nu . 

ar Lal numbers, as will be seen, increase up to aluminium, 

again, save that sulphur is anomalous, 

igher specific gravity than phosphorus, as the 
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theory would require. With the atomi 
periodic changes are in the opposite direio 
a decrease and then an increase :— 


C volumes the 
5 there is fing 


Na=a24, Mg= Al= ro, S1=1r, P= 16, S=16, Cl=ay, 


In their oxides, also, the gradation of specific gravity and 


atamic volume is ta he traced. The specific gravities ar— 


Na,Q=2'8, Mg,0,=3'7, Al,0;=4'0, Si,0,=2°6, 
P.O, 9,0; = 


Here again there is a rise, succeeded by a fall. The serie 


of atomic volumes is— 


Na,O=22, Mg,0,=22, Al,O,=235, 51,0,=45, P.0;=55, 


82. 


Here is progressive increase without a return to the origin 
number, 

Speaking of alloys, M. Mendeleeff remarks that pho: 
phorus and sulphur have not quite lost the metallic charatte 
of the elements at the beginning of the series, since the 
peospoiecs and sulphides have still the aspect of alloys 

his feature is quite lost in the chlorides. 3 

Turning to another series we find the atomic weights in 
creasing as follows :— 


Ag=108, Cd=112, In=110, Sn=118, Sb=122, 
Te= 125, 1=120. 


Here again we have a decided metal, silver, at the headd 
the group; an equally decided non-metallic body, iodine, @ 
the end; and in the middle an element, tin, whose metallic 
character—paradoxical as it may sound—has been qué 
tioned on totally different grounds, and which, according t0 
M. Mendeleeff’s scheme, should bear to silicon the salt 
analogy which antimony does to phosphorus, tellurium 10 
sulphur, or iodine to chlorine. The foretold—but as pa 
discovered—element, eka-silicium, is in this vase bn 
over the gap, as in the three parallel instances 18 done 0 
arsenic, selenium, and bromine. ™ 
In the silver group (No. 7) we find the specific gal 
regularly decreasing as follows :— 


Ag=10°5, Cd=8'6, In=7"4, Sn=7'2, Sbh=07 
Te=06'2, [=4'9. 
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Further instances of “* small series,” each consisting of 
: seven members, known or unknown, are the following :— 
t 
nd 
- Thus M. Mendeleeff considers that all the functions by 


which the dependencies of the properties of the elements 
on the atomic weights are expressed appear as periodic. 
The properties change in accordance with the increasing 
atomic weights, and are then repeated in a new period with 
the same regularity as in the former. If we examine his 
scheme we must admit that it brings admitted relations into 
avery prominent light. Such groups as fluorine, chlorine, 


) bromine, and iodine; as sulphur, selenium, and tellurium ; 
as nitrogen, phosphorus, arsenic, and antimony ; as calcium, 
sal strontium, and barium; or as potassium, rubidium, and 
cesium,—though their respective members are placed in 
bi diflerent series,—fall into positions which well agree with 
fe their respective analogies. Even the trinity of the commer- | 
the cial world—gold, silver, and copper—fall in the same hori- 
oy. zontal line across the series ; gold being a representative of 
its companion metals in a higher series. A further study 
se of Table II. will bring to light many more curious instances 


of such representation, which we submit. lend a powerful 
support to M. Mendeleeff’s arrangement. 

AS a matter of course the mere arranging the elements in 
one arithmetical series would thrust these analogies totally 
out of sight. As completely would they be hidden if the 
‘eres Were made to consist of any other number of ele- 
_ M. Mendeleeff’s classification is shown in two 
wn taken from the translation of his memoir in Liebig’s 
— He admits that not all the known elements 
“ ody weeps into the small series. Thus in Table I. 
nickel, ruthenium, rhodium, palladium, 
ae iridium, and platinum forming an appended eighth 
> meraing which the author remarks that they are 
ery sparingly fusible, their fusibility increasing 
hes ane fom iron to nickel, from ruthenium to palla- 
from osmium pailadium. Between the 
Pema gm ing members of the even and the odd small series 

pt the two first) there is a distinét difference, whilst the 


correspond; 
“eae members of the even and again of the odd, 
| S Show a close analogy. 
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Thus if we recur to the four series above mentioned :— 
No.6 . - Rb Sr — Zr Nb Mo — 


Here it is at once evident that there a decided analogy 
prevails between the corresponding members of Nos. 4 
and 6, and again of Nos. 5 and 7. But between Nos. 
4and 5, 5 and 6, or 6 and 7, there is no such analogy. 

Table II. shows the elements as arranged in “ great 
series.” In Series I. stands hydrogen alone. This reminds 
us of aremark made lately by Prof. I’. Guthrie, that very 
generally the commonest bodies are the most anomalous. 
Series II. contains the seven elements from lithium to 
fluorine inclusive, these two first groups being designated 
“typical.” Series III. contains also seven elements. 
Series IV. contains fourteen bodies, which, when the three 
blanks indicated by M. Mendeleeff have been filled up, as 
one of them already is by the discovery of gallium (eka- 
aluminium), will be raised to seventeen. 

This “ great series” consists of the two ‘‘ small series,” 
No.4 and No. 5, with three of the non-serial elements— 
ion, cobalt, and nickel—interposed between them. The 
great series No. 5 is composed of sixteen known elements, 
and a blank space is left for a body not yet discovered. 
The small series here embraced are Nos. 6 and 7, and 
again three of the non-serial elements—ruthenium, rhodium, 
and palladium—are interpolated. The great series VI. is 
very imperfect, comprehending only four elements, which 
are placed parallel with the first four bodies in Nos. IV. 
and V. Great series VII. is more perfect; it contains 
parts of two small series, and again three non-serial ele- 
ments—osmium, indium, and platinum. Here, however, 
We are struck with a difficulty : between the atomic weights 
of tungsten (W=184) and osmium (Os=195) there is the 
sap of 11. Now if M. Mendeleeff concluded that two un- 
discovered elements, eka-aluminium and eka-silicium, must 
a to fill up the interval of 10 between Zn=65 and 
S=75:10 great series IV., why may we not with equal 
wo calculate on the discovery here also of two unknown 

odes? But should this be hereafter found to be the fact, 

: “orrespondence between the members of Series V. and 

- will be deranged. Gold will occupy the position 


co 
‘responding not with silver, but with cadmium ; mercury 
VOL. VII. (N.S.) 
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will figure as the representative of indium; thallium, of 
tin ; lead, of antimony ; and bismuth, of tellurium ; changes 
which will not commend themselves to the approval o 
chemists. Altogether we find that the difference betwee, 
the successive atomic weights, in parts of the series where 
M. Mendeleeff does not suspect—or at least does no 
indicate—an absent element, ranges from I to 5. What 
will then become of the interesting harmonies which the 
scheme exhibits if some undiscovered element should crop 
up to fill some of the larger of these intervals? We cer. 
tainly do not find that the author shows any reason why 
such an event should be improbable. M. Mendeleeff him. 
self declares that the Periodic Law cannot be harmonised 
with the Atomic theory without inverting known faés. 

It will, we think, be evident to the reader that—splendidly 
as the discovery of gallium has fulfilled the deduétions 
drawn frorn the law under consideration—the subjet is 
still in its infancy, and that future research 1s abundantly 
needed to confirm, to modify, or to extend. We should 
suggest to chemists and physicists a course parallel to what 
we have recommended to biologists in the case of the 
Darwinian hypothesis. We would say—Take up the law 
provisionally, and work with it. One of the most essential 
steps is the search for ‘‘ eka-silicium,” conducted, as the 
author proposes, by the spectroscopic examination of titan- 
iferous minerals and residues. ‘Lhe contents of certam 
sealed papers which M. Lecog de Boisbaudran has deposited 
with the Institute, and in which he has explained his special 
ideas on the classification of the elementary bodies, must be 
awaited with interest. Readers who would wish to pursue 
this subject further will find detailed information in the 
‘Journal de la Soc. Chimique Russe ”’ (i., p. 60); La 
‘“Annalen” (Supplement-Band viii., p. 183, 1871); and, | 
they understand the Russian language, in M. Mendelet® 
work, ‘‘ Foundations of Chemistry ” (vol. ii.). As fat as the 
“periodic law” may be considered established, it seems 
us most decidedly to contradiét the hypothesis of some i 
primordially distinét bodies, and to exhibit out present i! 
ments as products of the evolution of something to ar 
unknown. For that something it must be the tas 
chemists to search. 
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I. ON THE PROBABLE ORIGIN AND AGE 
OF THE SUN. 


By JAMES CroLL, LL.D., F.R.S., 
Of H.M. Geological Survey of Scotland. i 


} HE total annual amount of radiation from the whole 
surface of the sun is 8340xX10° foot-pounds. To 
maintain the present rate of radiation it would require 

the combustion of about 1500 lbs. of coal per hour on every 

y square foot of the sun’s surface ; and were the sun composed 

of that material it would all be consumed in less than 
5000 years. The opinion that the sun’s heat is maintained 
by combustion cannot be entertained for a single moment. 


; Mr. Lockyer has suggested that the elements of the sun are, 
: owing to its excessive temperature, in a state of dissociation, 
; and some have supposed that this fact might help to explain 
f the duration of the sun’s heat. But it must be obvious that, 
a even supposing we were to make the most extravagant 
. estimate of the chemical affinities of these elements, the 
A amount of heat derived from their combination could at 
. most give us only a few thousand years additional heat. 
* Under every conceivable supposition the combustion theory | 
must be abandoned. 
It is now generally held by physicists that the enor- 4 
ie ME «(MOUS Store of heat possessed by the sun could only have i, 
vk been derived from gravitation. For example, a pound of # 
f coal falling into the sun from an infinite distance would 1 
7. yee by its concussion more than 6000 times the amount ] 
he ot heat that would be generated by its combustion. It i 
would, in faét, amount to upwards of 65,000,000,000 foot- 
n pounds—an amount of energy sufficient to raise 1000 tons ‘ 
Je to a height of 54 miles. 
are two forms in which the gravitation theory has 
‘d “n presented; the first, the meteoric theory, propounded 


ee eer and the second, the contraction theory, ad- 
a’ by Helmholtz. The meteoric theory of the sun’s 
se now been pretty generally abandoned for the con- 
He ar Rheagee! advanced by Helmholtz. Suppose, with 
re ae that the sun originally existed as a nebulous 
system ing the entire space presently occupied by the solar 

» and extending into space indefinitely beyond the 
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outermost planet. The total amount of work in foot-pounds 
performed by gravitation in the condensation of this mass to 
an orb of the sun’s present size can be found by means of 
the following formula given by Helmholtz :— 


Work of condensation = 2. 

5 Km 

| M is the mass of the sun, m the mass of the earth, R the 
sun’s radius, and y the earth’s radius. Taking— 


M = 4230 X 10” lbs., m1 = 11,920 X 107 Ibs., 


| = 2,328,500,000 feet, and r= 20,889,272 feet, 
| _we have then, for the total amount of work performed by 
gravitation in foot-pounds, 


(20,889,272°5)* x (4230 x 10%)" 
5  2,328,500,000 X 11,920 X 
= 168,790 x 10°° foot-pounds. 


The amount of heat thus produced by gravitation would 
; suffice for 20,237,500 years. 
Pi | The conclusions are based upon the assumption that the — 
| density of the sun is uniform throughout. But it is highly 
probable that the sun’s density increases towards the centre, 
; h in which case the amount of work performed by gravitation 
aT would be something more than the above. 
il At this point, in reference to the age of our globe, 
iL Geology and Physics are generally supposed to come into 
| direct antagonism. For if it be true, as physicists main- 
tain, that gravitation is the only possible source from which 
at the sun could have derived its store of energy, then the sun 
= could not have maintained our globe at its present tempera: 
| ture for more than about 20 millions of years. “On the 
very highest computation which can be permitted,” says 
Prof. Tait, “it cannot have supplied the earth, even at the 
present rate, for more than about fifteen or twenty million 
years.”* The limit to the age of the sun’s heat must have 
limited the age of the habitable globe. All the geological 
history of the globe would necessarily be comprehende 
within this period. If the sun derived its heat from the 
condensation of its mass, then it could not possibly be more 
than about twenty million years since the beginning of the 
an Laurentian period. But twenty million years would be com 
| sidered by most geologists to represent only a comparatively 
small portion of the time which must have elapsed sinc 
organic life began on our globe. 


* Recent Advances in Physical Science, p. 175+ 
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It is true that the views which formerly prevailed amongst 
geologists, in regard to the almost unlimited extent of geo- 
logical time, have of late undergone very considerable modi- 
feations; but there are few geologists, 1 presume, who 
would be willing to admit that the above period is sufficient 
to comprehend the entire history of stratified rocks. 

It is the faéts of denudation which most forcibly impress 
the mind with a sense of immense duration, and show most 
convincingly the great antiquity of the earth. 

We know unquestionably that ‘many of the greatest 


changes undergone by the earth’s crust were produced, nat 


by convulsions and cataclysms of nature, but by those or- 
dinary agencies that we see at work every day around us, 
such as rain, snow, frost, ice, chemical action, &c. Valleys 
have not been produced by violent dislocations, nor the hills 
by upheavals, but both have been carved out of the solid rock 
by the silent and gentle agency of chemical action, frost, rain, 
ice, andrunning water. In short, the rocky face of our globe 
has been moulded into hill and dale, and ultimately worn 
down to the sea-level by means of these apparently trifling 
agents, not merely once or twice, but probably dozens oi times 
over during past ages. Now when we reflect that with such 
extreme slowness do these agents perform their work that we 
might, if we could, watch their operations from year to year, 
and from century to century, without being able to perceive 
that they make any sensible impression, we are necessitated 
to conclude that geological periods must be enormous. 
The utter inadequacy of a.period of 20 million years for 
the age of our earth is demonstrable from the enormous 
thickness of rock which is known to have been removed off 


certain areas by denudation. I shall now briefly refer to 


te of the many facts which might be adduced on this 

One plain and obvious method of showing the great 
extent to which the general surface of the country has been 
lowered by denudation is furnished, as is well known, by the 
way in which the inequalities of surface produced by 
aults or dislocations have been effaced. It is quite com- 
mr a meet with faults where the strata on the one 
ae oe been depressed several hundreds—and in some 
ly seenen-=of feet below that on the other, but we 
cecil nd any indications of such on the surface, the ine- 
me . on the surface having been all removed by denuda- 
oe ut in order to effect this a mass of rock must have 
tion rv equal in thickness to the extent of the disloca- 

» The following are a few examples of large faults :— 
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t | The great Jrwell fault, described by Prof. Hull,* which 
H stretches from the Mersey west of Stockport to the north 
1 Bolton, has a throw of upwards of 3000 feet. 

i Some remarkable faults have been found by Prof, Ramsay 


i in North Wales. I*‘or example, near Snowdon, and about a 
mile E.S.E. of Beddgelert, there is a fault with a downthrow 


iy of 5000 feet ; and in the Berwyn Hills, between Bryn-mawr 

| and Post-gwyn, thereis one of 5000 feet. In the Aran Range 

i there is a great fault, designated the Bala fault, with 
downthrow of 7000 feet. Again, between Aran Mowdd 
and-Careg Aderyn the displacement of the strata amounts 


Vi to no less than from 10,000 to 11,000 feet.t Here we have 
i] , evidence that a mass of rock, varying from 1 mile to 2 miles 
A in vertical thickness, must have been denuded in many 


places from the surface of the country in North Wales, 
The fault which passes along the east side of the Pent. 
lands is estimated to have a throw of upwards of 3000 feet. 
Along the flank of the Grampians a great fault runs from 
the North Sea at Stonehaven to the estuary of the Clyde, 
throwing the Old Red Sandstone on end sometimes for a 
distance of 2 miles from the line of dislocation. The 
amount of the displacement, Prof. Geikie|| concludes, must 
be in some places not less than 5000 feet, as indicated by the 
position of occasional cutlyers of conglomerate on the 
Highland side of the fault. 
| The great fault crossing Scotland irom near Dunbar to 
ig the Ayrshire coast, and which separates the Silurians of the 
i South of Scotland from the Old Red Sandstone and Carbon- 
4 iferous traéts of the North, has been found, by Mr. B.N. 
Tt Peach, of the Geological Survey,§ to have in some places a 
f throw of fully 15,000 feet. This great dislocation is older 
than the Carboniferous period, as is shown by the entire 
absence of any Old Red Sandstone on the south side of the 
fault, and by the occurrence of the Carboniferous Limestone 
and Coal-measures lying dire@tly on the Silurian rocks. 
We obtain here some idea of the enormous amount of denu- 
dation which must have taken piace during a comparatively 
limited geological epoch. So vast a thickness of Old Ke 
Sandstone could not, as Mr. Peach remarks, “ have ended 
originally where the fault now is, but must have swept 
southwards over the Lower Silurian uplands. Yet these 
Pt thousands of feet of sandstones, conglomerates, lavas, a 


* Mem. Geol. Survey of Lancashire, 1862. 

+ Mem. Geol. Survey of Great Britain, vol. iii. 

+ Memoir to Sheet 32, Geol. Survey Map of Scotland. 

|| Nature, vol. xiii., p. 390. 

§ Explanation to Sheet 15, Geol. Survey Map of Scotland. 
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tufis were so completely removed from the south side of the 
fault previous to the deposition of the Carboniferous Lime- 
sone series and the Coal-measures that not a fragment of 
them is anywhere to be seen between these latter formations 
and the old Silurian floor.” This enormous thickness of 
nearly 3 miles of Old Ked Sandstone must have been de- 
nuded away during the period which intervened between the 
deposition of the Lower Old Red Sandstone and the accumu- 
lation of the Carboniferous Limestone. 

Near Tipperary, in the south of Ireland, there isa dislo- 
cation of the strata of not less than 4000 feet,* which brings 
down the Coal-measures against the Silurian rocks. Here 
1000 feet of Old Red Sandstone, 3000 feet of Carboniferous 
Limestone,'and 800 feet of: Coal-measures have been removed 
by denudation off the Silurian rocks. Not only has this 
immense thickness of beds been carried away, but the Silurian 
itself on which they rested has been eaten down in some 
places into deep valleys several hundreds of feet below the 
. surface on which the Old Red Sandstone rested. 

Faults to a similar extent abound on the Continent and in 
America, but they have not been so minutely examined as 
in this country. In the Valley of Thessolon, to the 
north of Lake Huron, there is a dislocation of the strata to 
the extent of gooo feet.t 

In front of the Chilowee Mountains there is a vertical 
displacement of the strata of more than 10,000 feet.{ 
Prof. H. D. Rogers found in the Appalachian coal-fields 
faults ranging from 5000 feet to more than 10,000 feet of 
displacement. 

There are other modes than the foregoing by means of 
which geologists are enabled to measure the thickness of 
strata which may have been removed in places off the pre- 
sent surface of the country, into the details of which I need 
not here enter. But I may give a few examples of the 
‘ormous extent to which the country, in some places, has 

een found to have been lowered by denudation. 

Prof. Geikie has shown|| that the Pentlands must at one 
time have been covered with upwards of a mile in thickness 
cade nierous rocks which have all been removed by de- 
ad Bristol coal-fields, between the River Avon and the 
‘ndips, Prof. Ramsay has shown§ that about gooo feet of 


* JUKES’s and GEIKIE’s M 
anual of Geolo . 441. 
Geology of Canada, 1863, p. 61. sachin 


Geology of Tennessee, p. 300. 
Sheet 32, Geol. Survey of Scotiand. 
“hudation of South Wales.” Memoirs of G-ol. Survey, vol. 1. 
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Carboniferous strata have been removed by denudation from 
the present surface. oe 

Between Bendrick Rock and Garth Hill, South Glamo. 
ganshire, a'mass of Carboniferous and Old Red Sandstone of 
upwards of gooo feet, has been removed. At the Vale of 
Towy, Caermarthenshire, about 6000 feet of Silurian anj 
5000 feet of Old Red Sandstone—in all about 11,000 vertica] 
feet-—have been swept away. Between Llandovery and 
Aberaeron a mass of about 12,000 vertical feet of the 
Silurian series has been removed by denudation. Between 
Ebwy and the Forest of Dean, a distance of upwards of 
20 miles, a thickness of rock varying from 5000 to 10,000 
feet has been abstracted. | 

Prof. Hull found* on the northern flanks of the Pendle 
Range, Lancashire, the Permian beds resting on the denuded 
edges of the Millstone Grit, and these were again observed 
resting on the Upper Coal-measures south of the Wigan 
coal-field. Now, from the known thickness of the Carbon- 
iferous series in this part of Lancashire, he was enabled to 
calculate approximately the quantity of Carboniferous strata 
which must have been carried away between the period of 
the Millstone Grit and the deposition of the Permian beds, 
and found that it aCtually amounted to no less than 
9,900 feet. He also found in the Vale of Clitheroe, and at 
the base of the Pendie Range, that the Coal-measures, the 
whole of the Millstone grit, the Yoredale series, and part o 
the Carboniferous Limestone, amounting in all to neatly 
20,000 feet, had been swept away—an amount of denudation 
which, as Prof. Hull remarks, cannot fail to impress us with 
some idea of the prodigious lapse of time necessary forts 
accomplishment. 

In the Nova Scotia coal-fields one or two miles in thick 
ness of strata have been removed in some places.t 

It may be observed that, enormous as is the amount 0 
denudation indicated by the foregoing figures, these figures 
do not represent in most cases the actual ec 
rock removed from the surface. We are necessitate 0 
conclude that a mass of rock equal to the thickness state 
must have been removed, but we are in most —_ i 
in uncertainty as to the total thickness which has actu 1 
been carried away. In the case of a fault, i 
with a displacement of (say) one mile, where no I me 
of it is seen at the surface of the ground, we know one 
on one side of the fault a thickness of rock equal t0 


* Quart. Journ. Geol. Soc., vol. xxiv., P- 323+ | 
t+ LYELL’s Student’s Manual, chap. 23- 
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ve been denuded, but we do not know how 
aon te that may have been removed. For anything 
which we know to the contrary hundreds of feet of rock 
may have been removed before the dislocation took place, 
and as many more hundreds afterall indications of dislocation 
had been effaced at the surface. 

But it must be observed that the total quantity of rock 
which has been removed from the present surface of the land 
is evidently small in proportion to the total quantity re- 
moved during the past history of our globe. For those 
thousands and thousands of feet of rock which have been 
denuded were formed out of the waste of previously existing 
rocks, just as these had been formed out of the waste of 
yet older rock-masses. In short, as a general rule, the rocks 
of one epoch have been formed out of those of preceding 
periods, and go themselves to form those of subsequent 
epochs. 

“* many of the cases of enormous denudation to which 
we have referred, the erosion has been effected during a 
limited geological epoch. We have, for example, seen that 
upwards of a mile in thickness of Carboniferous rock has 
been denuded in the area of the Pentlands. But the Pent- 
lands themselves, it can be proved, existed as hills, in much 
their present form, before the Carboniferous rocks were laid 
down over them; and as they are of Lower Old Red Sand- 
stone age, and have been formed by denudation, they must 
consequently have been carved out of the solid rock between 
the period of the Old Red Sandstone and the beginning of 
the Carboniferous age. This affords us some conception of 
the immense lapse of time represented by the Middle and 
Upper Old Red Sandstone periods. 

Again, in the case of the great fault separating the Silu- 
tans of the south of Scotland from the Old Red Sandstone 
tracts lying to the north, a thickness of the latter strata of 
probably more than a mile, as we have seen, must have been 
ares from the ground to the south of the fault before 
© Commencement of the Carboniferous period. And again, 
in the case of the Lancashire coal-fields, to which reference 

as been made, nearly two miles in thickness of strata had 

"sl Temoved in the interval which elapsed between the 

illstone Grit and the Permian periods. 

a. te are enabled, from geological evidence, to form some 
nd sear eee of the extent to which the country in various 
lean as 7 lowered by sub-aérial denudation during a 
antivio poch, it is evident that we should have a means of 

§ at some idea of the length of that epoch, did we 
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know the probable rate at which the denudation 
If we had a means of forming even the roughest 
the probable average rate of sub-aérial denudation during pas 
ages, we should be enabled thereby to assign approximatd 
an inferior :imit to the age of the stratified rocks. Wi, 
could then tell, at least, whether the amount of sub-aérij 
denudation known to have been effected during past geolp 
gical ages could have been accomplished within 20 milli, 
years or not, and this is about all with which we are at pr. 
sent concerned. And if it can be proved that a period ¢ 
20 millions of years is much too short to account forth 
amount of denudation known to have taken place, then iti 
certain that the gravitation theory cannot explain the origin 
and source of the sun’s heat. | 

A very simple and obvious method of. determining the 
present mean rate of sub-aérial denudation was pointed out 
several years ago,” viz., that the rate of denudation must lk 
equal to the rate at which the materials are carried off the 
land into the sea. But the rate at which the materials ar 
thus abstracted is measured by the rate at which sedimentis 
carried down by ourrivers. Consequently, in order to deter 
mine the present rate of sub-aérial denudation, we have only 
to ascertain the quantity of sediment annually carried dow 
by the river systems. 

Very accurate measurements have been made of th 
quantity of sediment carried down into the Gulf of Mexo 
by the River Mississippi, and it is found to amount t 
7,474,000,000 cubic feet. The area drained by the rivers 
1,224,000 square miles. Now 7,474,000,000 cubic feet tt 
moved from 1,224,000 square miles of surface is equal tt 
1-4566th of a foot off the surface per annum, or I foot i 
4566 years. The specific gravity of the sediment 1s taken 
at 1°g, and that of the rock at 2°5 ; consequently the amoutl 
removed is equal to 1 foot of rock in about 6000 yeals. , 
many reasons there are few rivers better adapted for affording 
us a fair average of the rate of sub-aérial denudation thi 
the Mississippi. In reference to the above I may nere quot 
the words of Sir Charles Lyell :—‘‘ There seems, he m 
‘no danger of our over-rating the mean rate of re 
selecting the Mississippi as our example, for that rivet ral 
a country equal to more than half the continent of rane: 
extends through 20 degrees of latitude, and therefore thr0 ; 
regions enjoying a great variety of climate, and some ° 7 
tributaries descend from mountains of great height 


* Phil. Mag., May, 1868; Feb., 1867. Climate and Time, chap. 20 
also Trans. Geol. Soc. of Glasgow, vol. iii. 
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tc, Mississippi is also more likely to afford us a fair test of or- 
‘of B® nary denudation, because, unlike the St. Lawrence and its 
ast TMM sibuiaries, there are no great lakes in which the fluviatile 
tly HIB ctiment is thrown down and arrested on its way to the 
Ve 

tal “Rough estimates have been made of the sediment carried 
o- down by some eight or ten European rivers ; and although 
ion those estimates cannot be depended upon as being anything 
“ ke accurate, still they show that it is extremely probable 


of hat the European continent is being denuded at about the 
the came rate aS the American. 


tis [think we may safely assume, without the risk of any 
gil HM creat error, that the average rate of sub-aérial denudation 

uring past geological ages did not differ much from the 
the present. The rate at which a country is lowered by 
Out HM sub-aérial denudation is. determined+t not so much by the 
be HEM character of its rocks as by the sedimentary carrying power 


the of its river systems. And this again depends mainly upon 
at HM the amount of rain-fall, the slope of the ground, and the 
tis HME character of the soil and vegetation covering the surface 


tr HME of the country. And in respect of these we have no reason 
nly tobelieve that the present is materially different from the 
wi past. No doubt the average rain-fall during some past 
epochs might have been greater than at present, but there is 
the just as little reason to doubt that during other epochs it 
ct) ie Mght have been less than now. We may therefore conclude 
1. that about one foot of rock removed from the general surface 
es of the country in 6coo years may be regarded as not very 
vy the average rate of denudation during past ages. 
" F Baga of the cases we have given of great denuda- 
ie a "9 to comparatively small areas, and others to beds 
a 8 orm anticlinal axes, and which, as is well known, 
Pa We : ep tapidly than either synclinal or horizontal beds. 
hal snount rere of time necessary to effect the required 
ot the ate 0 enudation—assume the rate to have been double 
one to one foot in 3000 years. 
€ country one mile by denudation would there- 
“is to the above rate, about 15 miilion 
coual ave seen that a thickness of rock more than 
ut iferoys have been swept away since the Carbon- 
itself ven during the Carboniferous period 
th IM Was removed an : mile in thickness of strata in many places 
gain, there can be no doubt whatever that 
| 
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the amount of rock removed during the Old Red Sandstop 


period was much greater than one mile; for we know 
fectly well that over large tracts of country nearly amie 
thickness of rock was carried away between the ved 
the Lower Old Red Sandstone and the Carboniferoys eDach 
Further, all geological facts go to show that the time ree 
sented by the Lower Old Red Sandstone itself my hare 
been enormous. 

Now, three miles of rock removed since the COMMencemert 
of the Old Red Sandstone period (which in all probabil 


S$ an under-estimate) would give us 45 million years, 


Again, going further back, we find the lapse of tip 
represented by the Silurian period to be even more stk 
than that of the Old Red Sandstone. The uncomformitig 
in the Silurian series indicate that many thousands of fe 
of these strata were denuded before overlying memben 
the same great formations were deposited. And again, tls 
immense formation was formed in the ocean by the sor 
denudation of pre-existing Cambrian continents, just as thes 
had been built up out of the ruins of the still prior Laure 
tian land. And even here we do not reach the end of tk 
series, for the very Laurentians themselves resulted im 
the denudation not of the primary rocks cf the globe, buta 
previously existing sedimentary and probably igneous ms 
of which, perhaps, no recognisable portion now remails 

Few familiar with the facts of geology will consideritia 
much to assume that the time which had elapsed prutt 
the Old Red Sandstone was equal to the time which bas 
elapsed since that period. But if we make this assumpth 

“11: the e of th 
this will give us at least go million years as § 
stratified rocks. 

That the foregoing is not an over-estimate of the prow 
amount of rock removed by sub-aérial denudation dung 
geological ages will appear further evident from the arms 
considerations :—The mountain ridges of our globe, r 
cases, as is well known, have been formed by asbore 
nudation: they have been carved out of the = 7 
They stand two thousand, four thousand, or five . 
feet high, as the case may be, simply because ed 
four thousand, or five thousand feet of rock have see 
nuded from the surrounding country. The a 
high simply because the country has been lowert®, © 

ntains 
must be observed that the height which the mou ef 
above the surrounding country does not rere 7m 
extent to which the country has been lowered by a 


because the mountains themselves have also been 10 
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ston cht of the mountains represents merely the extent to 
W Det ap opener has been lowered. In the formation of 
lei , mountain by denudation, say 3000 feet in height, probably 
a more than 6000 feet of strata may have been removed from 
ph A. surrounding country. The very fact of a mountain 
eit: MB standing above the surrounding country exposes it the more 
lan HA. denudation, and it is certainly not an exaggerated assump- 
tion to suppose that whilst the general surface of the country 
‘nett HB was being lowered 6000 feet by denudation, the mountain 
ali itself was at least lowered by 3000 feet. 
The very common existence of mountains two or three 


ti thousand feet in height, formed by sub-aérial denudation, 
Ti proves that at least one mile must have been worn off the 
mul eeneral surface of the country. It does not, of course, fol- 
fet A iw that the general surface ever stood at an elevation of 
one mile above the sea-level, since denudation would take 
~ place as the land gradually rose. We know that the land 
ta was once under the sea, for it was there that it was formed. 
a Itis built up out of the materials resulting from the carving 


out into hill and dale, through countless ages, of a previously 
it tusting land, just as this latter had resulted from the 
sti destruction of a still older land, and so on in like manner 
back into the unknown past. 
thas now been proved, by the foregoing very simple and 
vit tl “iy method, that the age of the earth must be far more 
rt lan 20 or 30 million years. | This method, it is true, does 
“hs a enable us to determine with anything like accuracy the 
ati ri n age of the globe, but it enables us to determine with 
vt *solute certainty that it must be far greater than 20 million 
yeas, We have not sufficient data to determine how many 
otal a have elapsed since life began on the globe, for we do 
mle now the total amount of rock removed by denudation ; 
3 We have data perfectly sufficient to show that it began 


- ging than twice 20 million years ago. 
ial “ooh the present order of things has been existing for 
bed 20 million years, then the sun must have been 
ous hating our globe for that period, and, if so, then there 


sal ake lies some other source than that of gravitation 
; cm the a derived its energy, for gravitation, as we 
nS RE radiation { could only have supplied the present rate of 
Bit about one-half that period. 
time mar. true, as has been stated, that the length of 
he in state could, by its radiation, have kept the earth 
limited and vegetable life, must have been 
Hhossessed. store of energy in the form of hea ‘which it 
* Dut it does not follow as a necessary conse- 
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quence, as is generally supposed, that this store of ene 
must have been limited to the amount obtained from gravity 
in the condensation of the sun’s mass. The utmost tig 
any physicist is warranted in affirming is simply that it jsp. 
possible for him to conceive of any other source. His ing) 
however, to conceive of another source cannot be accepted 
a proof that there zs no other source. But the physical am. 
ment that the age of our earth must be limited by th 
amount of heat which could have been received from grari 
is in reality based upon this assumption—that, because y 
other source can be conceived of, there is no other source 

It is perfectly obvious, then, that this mere negative gy. 
dence against the possibility of the age of our habitak 
globe being more than 20 or 30 million years is of no weieh 
whatever when pitted against the positive evidence her 
advanced, that its age must be far greater. 

Now, in proving that the antiquity of our habitable gl 
must be far greater than 20 or 30 million years, we pro 
that there must have been some other source in addition 
gravity from which the sun derived his store of energy; au 
this 1s the point which I have been endeavouring to reach by hi 
somewhat lengthy discusstoit. 

Are we really under any necessity of assuming tht 
the sun’s heat was wholly, or even mainly, derived {tu 
the condensation of his mass by gravity? According t 
Helmholtz’s theory of the origin of the sun’s heat by ct 
densation, it is assumed that the matter composing th 
sun, when it existed in space as a nebulous mass, wasit 
originally possessed of temperature, but that the temperalit 
was given to it as the mass became condensed undertt 
force of gravitation. It is supposed that the heat given! 
was simply the heat of condensation. But it 1s quite of 
ceivable that the nebulous mass might have been possesst 
of an original store of heat previous to condensation. F 

It is quite possible that the very reason why it exist 
such a rarefied or gaseous condition was its epee 
perature, and that condensation only began to take 
when the mass began to cool down. It seems far *: 
probable that this should have been the case than ste 
mass existed in so rarefied a condition without es 
For why should the particles have existed in this x 
form when devoid of the repulsive energy of pa: ai 
that, in virtue of gravitation, they had such a tendent) 
approach one another ? 

It will not do to begin with the assumption 
nebulous mass, for, the moment that the mass 


of a col 
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such, condensation—under the influence of the mutual at- 
traction of its particles would commence. We must 
therefore assume either that the mass was created at the 
moment condensation began, or that, prior to this moment, 
‘existed under some other form. ‘There are few, I think, 
who. would be willing to adopt the former alternative. If 
we adopt the latter we must then ask the question, In what 
condition did this mass exist prior to the commencement of 
sondensation ? The answer to this question/would naturally 
be that it existed in a condition of excessive temperature, 
the repulsive force of heat preventing the particles approach- 
ing one another. In short, the excessive temperature was 
the very cause of the nebulous condition. 

But if the mass was originally in a heated condition, then 
in condensing it would. have to part not only with the heat 
of condensation, but also with the heat which it originally 
possessed. 


-It is therefore evident that if we admit that the nebulous 


mass was in a state of incandescence prior to condensation, { 
it will really be difficult to fix any limit either to the age if 
of the sun or to the amount of heat which it may have " 
originally possessed. ‘The 20 million years’ heat obtained : 
by condensation may in such a case be but a small fra¢tion | : 


of the total quantity possessed by the mass. ) 
The question now arises—By what means could the fl 
nebulous mass have become incandescent ? From what J 
source could the heat have been obtained ? The dynamical 4 
theory of heat affords, as was shown several years ago,* 4 
al easy answer to this question. The answer is that the © is. 
nergy in the form of heat possessed by the mass may have been 
derived from Motion in Space. ‘Two bodies, each one-half 
the mass of the sun, moving directly towards each other 
with a velocity of 476 miles per second, would by their con- 
‘ussion generate in a single moment 50 million years’ heat. 
or two bodies of that mass, moving with a velocity of 
47 miles per second, would possess 4149 Xx 103° foot-pounds ; 


and this converted into heat by the 

motion would give out an amount of heat { 
% youl cover the present rate of the sun’s radiation i 
pected of 50 million years. hy 

bodies? “pe the sun have been composed of two such _ 
sessed by hic way may not the original store of heat pos- 

these all been derived from the concussion of 

ol with that ber lest ‘I'wo such bodies coming into collision 
is MEE Vetted into ocity would be dissipated into vapour and con- i 
amo a nebulous mass by such an inconceivable mY 

unt of heat as | 


would thus be generated; and when 
* Phil. Mag. for May, 1868. 
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condensation on cooling took place, a spherical magg like 


that of the sun would result. It is perfectly true that two 


such bodies could never attain the required amount of yel 
city by their mutual gravitation towards each other But 
there is no necessity whatever for supposing that their by 
cities were derived from their mutual attraGion alone : the 
might have been approaching each other with the reqund 
velocity wholly independent of gravitation. 

We know nothing whatever regarding the absolute moti 
of bodies in Space ; and, beyond the limited sphere of oy 
observation, we know nothing even of their relative motions 
There may be bodies moving in relation to our system wit 
inconceivable velocity. For anything that we know to th 
contrary, were one of these bodies to strike our earth the 
shock might be sufficient to generate an amount of hed 
that would dissipate the earth into vapour, though the 
striking body might not be heavier than a cannon-ball 
There is, however, nothing very extraordinary in the velocity 
which we have found would be required to generate the 
50 million years’ heat in the case of the two supposed bodies. 
A. comet having an orbit extending to the path of the plane 
Neptune, approaching so near the sun as to almost grazehis 
surface in passing, would have a velocity of about 390 miles 
per second, which is within 86 miles of that required. 

It must be borne in mind, however, that the 476 miles pe 
second is the velocity at the moment of collision ; but mor 
than one-half of this would be derived from the mutud 
attraction of the two bodies in their approach to each other. 
Suppose, for simplicity of calculation, each body to be equa 
in volume ‘to the sun, and of course one-half the densil, 
the amount of velocity which they would acquire by thet 
mutual attraction would be 274 miles per second. Const 

uently we have to assume an original or projected velocity 
of only 202 miles per second. And if the original veloctt) 
was 676 per second, the total amount of heat generate 
would suffice for 200 million years at the present rate 0 
radiation. 

On former occasions* I expressed it as my opi 
the total quantity of heat possessed by the sun com’ 

bably exceed I00 million years’ heat. But if we a 
probably exce y 
that the heat was derived from Motion in Space, therert” 
does not seem any reason why it may not be double 
amount. get thei 

It will be asked—Where did the two bodies . i 
motion? It may as well, however, be aske — Wie 


* Phil. Mag., May, 1868. Climate and Time, chap. 2% 
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they get their existence ? It is just as easy to conceive that 
they always existed in motion as to conceive that they always 
existed at rest. In fact, this is the only way in which energy 
can remain in a body without dissipation into Space. Under 
other forms a certain amount of the energy is constantly being 
transformed into heat which never can be re-transformed 
back again, but is dissipated into Space as radiant heat. But 
a body moving in void stellar space will, unless a collision 
takes place, retain its energy in the form of motion untrans- 
formed for ever. 3 

It will perhaps be urged as an objection that we have no 
experience of bodies moving in space with velocities ap- 
proaching to anything like 400 or 600 miles per second. A 
little consideration will, however, show that this is an ob- 
jection which can hardly be admitted, as we are not in a 
position to be able to perceive bodies moving with such 
velocities. No body moving at the rate of 400 miles per 
second could remain as a member of our solar system. 


‘Beyond our system, the only bodies visible to us are the 


nebule and fixed stars, and they are visible because they are 
luminous. But the fixed stars are beyond doubt suns simi- 
larto our own; and if we assume that the energy in the 
orm of heat and light possessed by our sun has been derived 
ftom Motion in Space, we are hardly warranted in denying that 
the light and heat possessed by the stars were derived from 
another source. It is true that the motion of the stars in 
relation to one another, or in relation to our system (and 
this is the only motion known to us), is but trifling in com- 
parison to what we even witness in our solar system. But 
this is what we ought, @ priori, to expect; for if their light 
and heat were derived from Motion in Space, like that of our 
sun, then, like the sun, they must have lost their motion. In 
act, they ave suns, and visible because they have lost their 
og not the masses of which these suns were 
— . their motion they would have been non- 
cee b of course totally invisible to us. In short, 
stellar space those bodies which, by coming 
which ren rh ave lost their motion, for it is the lost motion 

ae oe ers them luminous and visible.* 
in foregoing theory of the-origin of the sun’s heat was advanced, 
Sun and Staré” hail been the Physical Constitution of the 
toriey,"in Which'he su the Royal Society G. 
been derived from colts ed that the heat possessed by the stars may have 
should be brought wana with one another. ‘If two stars,” he says, 
appen :~Either motion very close, one of three things would 
cy would recede t pass quite clear of one another, in which case 


come ; 0 the same immense distance asunder from which they had 


or they would become 
VOL. VII, (N.s.) so entangled with one another as . emerge 
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The formation of a sun by collision is an event that woul 
not be likely to escape observation if it occurred within the 
limits of visibility in space. But such an event must be of 
very rare occurrence, or the number of stars visible woul 
be far greater than it is. The number of stars registered 
down to the seventh magnitude, inclusive, is—according to 
Herschel—somewhere between 12,000 and 15,co0, and this 
is all that can possibly be seen by the naked eye. Now, if 
we suppose each of them to shine like our sun for (say) 
100 million years, then one formed in every 7000 or 8000 
years would maintain the present number undiminished, 
But this is the number included in both hemispheres, » 
that the occurrence of an event of such unparalleled splen- 
dour and magnificence as the formation of a star or rather 
nebula—for this would be the form first assumed—is what 
can only be expected to be seen on our hemisphere once in 
about 15,000 years. 

The absence of any historical record of such an event 
having ever occurred can therefore be no evidence whatever 
against the theory. 


NoTE ON SIR WILLIAM THOMSON’S ARGUMENTS FOR 
THE AGE OF THE EARTH. 


Sir William Thomson has endeavoured to prove the recent 
age of the earth by three well-known arguments of a 
purely physical nature :—The first is based on the age of the 
sun’s heat ; the second, on the tidal retardation of the earth's 
rotation; and the third, on the secular cooling of the earth. 

Argument from the Age of the Sun’s Heat.—lt will be obvious 


from the frightful conflagration which would ensue, as one star, ao 
they would brush against one another, but not to the extent of apy fo 
stars from getting clear again.” In the latter case he considers ay blishe 
is formed. Mr. Stoney’s paper, though read in 1867, was not P 
till 1869. ), has also 
Mr. Herbert Spencer, in his “ First Principles ’’ (pp. 532 535 
directed attention to the fa@ that the stars distributed 
tend, under the influence of gravity, to concentrate and becume = and alt 
gated. Separate aggregations will be drawn towards one anot + collisions 
mately coalesce. ‘Lhe result will be that the heat evolved by serine have the 
taking place under the enormous velocities acquired by gravity ™ 


aseous 
effect of dissipating the matter of which they are composed into the g 


state. 

Both Mr. Stoney and Mr. Spencer consider the motions of ne slot 
masses to be due wholly to gravity, but, as we have sae esses 
cannot account for the enormous amount of energy originally M 
the sun. 
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that, if what has already been advanced in regard to the 
origin of the sun’s heat be correct, it will follow that the ar- 

ment for the recent age of the earth, based upon the assump- 
tion that the sun could have derived its store of heat only 
fom the condensation of its mass, must be whoily aban- 
doned, and that, in so far as this argument is concerned, 
there is no known limit to the amount of heat which the 
sun may have possessed, or to the time during which it 
may have illuminated the earth. 

Argument from Tidal Retardation.—It is well known that, 
owing to tidal retardation, the rate of the earth’s rotation is 
slowly diminishing ; and it is therefore evident that if we 
go back for many millions of years, we reach a period when 
the earth must have been rotating much faster than now. 
Sir William’s argument is,* that had the earth solidified 
several hundred millions of years ago, the flattening at the 
Poles and the bulging at the Equator would have been much 
greater than we find them to be. ‘Therefore, because the 
- earth is so little flattened, it must have been rotating, when 
it became solid, at very nearly the same rate as at present. 
And as the rate of rotation is becoming slower and slower, 
it cannot be so many millions of years back since solidifica- 
tion took place. A few years ago I ventured to point outt 
what appeared to be a very obvious objection to this argu- 
ment, viz., thatthe influence of sub-aérial denudation in alter- 
ing the form of the earth had been entirely overlooked. It has i 
been proved, as we have seen, that the rocky surface of our 
globe is being lowered, on an average, by sub-aérial denuda- 
lion, at the rate of about 1 foot in 6000 years. It followsasa Tt 
consequence, from the loss of centrifugal force resulting from " 
retardation of the earth’s rotation occasioned by the 

om of the tidal wave, that the sea-level must be slowly 
inking at the Equator and rising at the Poles. This, of thi 
ent’ tends to protect the polar regions and expose equa- 
in — to sub-aérial denudation. Now it is perfectly 
ao rs unless the sea-level at the Equator has, in con- 
my wed tidal retardation, been sinking during past ages 
fate than foot in 6000 years, it is physically | 
diferent : e form of our globe could have been very much 
its for ie what it is at present, whatever may have been “¥ 
when it consolidated,. because sub-aérial denudation 


Would have lowered the Equator as rapidly as the sea sank. A 


aby €quatorial regions the rate of denudation is no doubt 
gteater than 1 foot in 6000 years, because there the 


_* Trans. Geol. Soc. of Glasgow, vol. iii., p. 1. 
A ature, August 21, 1872. Climate and Time, p. 335- 


Z 2 A 


. % 
| 
| 
| 
m4 
At 


324 Probable Origin and Age of the Sun. (July, 
it rainfall is greater than in the temperate regions. It has been 
i shown that the rate at which a country is being lowered 


| subaérial denudation is mainly determined not so much by 

if the character of its rocks as by the sediment-carrying 

Hi power of its river systems. Consequently, other things 

being equal, the greater the rainfall the greater will be the 

rate of denudation. We know that the basin of the Ganges, 

for example, is being lowered by denudation at the rate of 

about 1 foot in 2300 years ; and this is probably not very far 

from the average rate at which the equatorial regions are 

being denuded. It is therefore evident that sub-aérial denv- 

dation is lowering the Equator as rapidly as the sea-level is 
sinking from loss of rotation, and that consequently we can- 

not infer from the present form of our globe what was its 
form when it solidified. In as far as tidal retardation can 
show tothe contrary, its form, when solidification took place, 
may have been as oblate as that of the planet Jupiter. 
There is another circumstance which must be taken into 
account. The lowering of the Equator, by the transference 
of materials from the Equator to the higher latitudes, must 
tend to increase the rate of rotation, or, more properly, it 
must tend to lessen the rate of tidal retardation. _ 

The argument may be shown to be inconclusive from 
another consideration. The question as to whether the 
earth’s axis of rotation could ever have changed to such an 
extent as to have affected the climate of the Poles 1s at 
present exciting a good deal of attention. The subject has 
recently been investigated with great care by Professor 
Haughton,* Mr. George Darwin,t the Rev. J. F. Twisden 
and others, and the general result arrived at may be & 
pressed in the words of Mr. G. Darwin :—“ If the earth be 
quite rigid no re-distribution of matter in new continenls 
could ever have caused the deviation of the Pole from its 
present position to exceed the limit of about 3. i 

Mr. Darwin has shown that, in order to produce a dls 
placement of the Pole to the extent of only 1° 46, an ee 
equal to one-twentieth of the entire surface of the a 
would have to be elevated to the height of two mie . 
entire continent of Europe elevated two miles woul a 
deflect the Pole much over half a degree. Assuming 
mean elevation of the continents of Europe and Asia wb 
1000 feet, Prof. Houghton calculates that their remo 
would displace the Pole only 199°4 miles. 

* Proc. Roy. Soc., vol. xxvi., p. 51. 


t Proc. Roy. Soc., vol. xxv.; p. 328. 
t Paper read before the Geological Society, February 21st, 1877 
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It may now be admitted as settled that if the earth be 
perfectly rigid the climate of our globe could never possibly 
have been affected by any change in the axis of rotation. 
But it is maintained that if the earth can yield as a whole, 
5 as to adapt its form to a new axis of rotation, the effects 
may be cumulative, and that a displacement of the Pole as 
much as 10° or 15 is possible.” 

But then if the earth be able to adapt its form to a 
change in the axis of rotation, there is no reason why it may 
not be able to adapt its form to a change in the vate of rotation, 
and, if so, the flattening at the Poles and the bulging at the 
Equator would diminish as the rate of rotation diminished, 
even supposing there were no denudation going on. : 

Argument from the Secular Cooling of the Earth.—The 
earth, like the sun, is a body in the process of cooling, and 
it is evident that if we go back sufficiently far we shall reach 
a period when it was in a molten condition. Calculating by 
means of Fourier’s mathematical theory of the conductivity 
of heat, Sir William Thomson has endeavoured to determine 
how many years must have elapsed since solidification of the 
earth’s crust may have taken place. This argument is un- 
doubtedly the most reliable of the three. Nevertheless, 
the data on the subject are yet very imperfect, so that no 
definite and trustworthy result can be arrived at by this 
means as to the actual age of the earth. In fact this is ob- 
vious from the very wide limits assigned by him within which 
solidification probably took place. ‘‘ We must,” quoting 
Sit William’s own words on the subject, “‘ allow very wide 
limits on such an estimate as I have attempted to make; 
but I think we may, with much probability, say that the 
consolidation cannot have taken place less than 20,000,000 
years ago, or we should have more underground heat than 


series eacement of the Pole of less than 15° or 20° would be of very little 
se a accounting for the warm climate of Greenland during the Miocene 
admit a astegog But a displacement to that extent, even supposing we 
ogists wears to be yielding, demands a condition of things which few geol- 
what an en é willing to grant. When it becomes generally recognised to 
upon pret extent the temperature of the Arctic regions is dependent 
aon aide Ps the difficulties in understanding how those regions have 
cack, ca : a temperate climate will disappear. Were the ice removed from 
that region would a+ present enjoy a warm summer, suitable for 


canes of — life. It is the presence of ice rather than a positive defi- 


Time, Chan’ | that makes Greenland so cold and barren (see Climate and 


An j i 
currents, ~obe al increase in the quantity of heat conveyed by ocean- 


Pietely transform 
would take place d 
carth’s orbit was a 


ficient to prevent the accumulation of ice, would com- 
the Climate of the Arétic lands. And such an increase 
uring an Inter-glacial period when the eccentricity of the 
t a high value and the winter solstice in perihelion. 
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we actually have,—nor more than 400,000,000 


we should not have so much as the eet ae : 

underground increment of temperature. That is to ma ; 

conclude that Leibnitz’s epoch of ‘ emergence’ of the 

sistentur status’ was probably within these dates,” y 

m 

01 

al 

lil. THE GLACIAL PERIOD IN THE SOUTHER le 

HEMISPHERE. er 

in 

By Tuomas BELT, F.G.S. e} 

HE tablets on which the ice of the Glacial period lef S 

its record in the southern hemisphere are probably oi 

now mostly covered by the sea, and we cannot trace Ww 

its progress and extent with the same facility and certainty e\ 

as in the northern temperate regions. Yet notwithstanding Ic 

‘ this, and also that the land surfaces of the South that have It 
been glaciated have not been studied to anything like the 

Same extent as in Euiope and North America, points of he 

resemblance are apparent, and grounds exist for the belief W 

that both hemispheres have passed through a somewhat th 

similar glacial experience. W 

In our hemisphere, I have sought to show in former th 

papers, there were two ways in which the ice spread. One hi 

was an accumulation on mountain-chains, and a radiation al 

from them over the surrounding country. The other, and! In 

think by far the most important, was the gradual advance pe 

of aridge of ice down the bed of the North Atlantic, and be 

probably also of the North Pacific, which blocked up th W 
drainage of the continents as far as it extended, and caused 

enormous lakes of fresh or brackish water and immens : 

destruction of life amongst the animals that were caught on : 


the plains by the rising floods. The marks left by th 
Atlantic ice are seen in Europe, as far as the ered . 2 
tremity of Ireland, and in America, to the south of Nes 


York, and beyond these points, its further progress ca? . ) 
traced by the evidence of the interruption of the ere’ tr 
of the continents as far as the northern slopes we P 
Pyrenees on one side of the Atlantic, and to the coasts ° r 


* Trans. Roy. Soc. of Edinburgh, vol. xxiii., p. 101 
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Virginia on the other. The real markings on the rocks, 
however, have not been traced in Europe farther south than 
rN. lat., and in America than 40 N. lat., excepting those 
of the ice that proceeded from the mountain ranges. 

In the other hemisphere, within the distance from the 
Southern Pole that the ice has been shown by actual 
markings on the rocks to have reached from the North Pole 
on the European coasts,—that is, to latitude 51° N.,—there 
are no large masses of land, excepting the extreme end of 
South America and the Antarctic continent. And if we take 
a corresponding circle in the south to the limit the ice has 
left its marks in America or to lat. 40°, we shall still only 
embrace Patagonia in South America and the Middle Island 
in New Zealand. Even if we take the furthest limit of the 
extension of the Atlantic ice, as shown by its interference 
with the drainage of the American continent, we only bring 
South America as far north as the Rio Plata, and New 
Zealand and Tasmania, with the southern end of Australia, 
within the area where we could expect to find any similar 
evidence on the supposition that in the Glacial period the 
ice extended everywhere as far from the Southern Pole as 
its extreme limit reached from the Northern. 

The conditions are therefore very different in the two 
hemispheres. In the one, broad continents stretch from 
within the Arétic circle toward and up to the Equator ; in 
the other, nearly the whole of the temperate zone is covered 
with water. If, then, there were much less evidence than 
there is of the glaciation of southern lands, we need not 
have been surprised; but of late there seems to have arisen 


an idea amongst some geologists that there is no evidence | 


inthe southern hemisphere of the occurrence of a Glacial 
period, and it may be useful if I bring together what has 
been described, and show how far the phenomena agree 
with those of the northern hemisphere. 

Commencing in America, immediately south of the 
Equator, we have first to deal with the remarkable theory 
of Agassiz, that the great valley of the Amazon was once 
lled with ice flowing from the distant Andes, which left an 
‘lormous terminal moraine on the Atlantic coast. This 
moraine he supposed blocked up for atime the waters of the 
i valley, and caused the deposition of various stratified 
coe covered by a peculiar drift clay that rarely contains 
a boulders. I have examined this deposit from 
oes uco northwards through the provinces of Ceara and 
ja am, as far as Para. In some parts it is composed of 

‘al angular fragments of rock, cemented together by an 


oy 


= 


4 
= 
tip 
‘La 
| 


328 Glacial Period in the 


uly, 
ochraceous clay, and resembling the brecciz at the base of 
the Permian rocks in Westmoreland. In others it jg a fer. 
ruginous clay, containing few stones, but with a layer of 
quartz pebbles at its base. It is not confined to the Valleys, 


but wraps over the hills like a mantle. Now and then it 


contains large boulders of granite, but I could never Satisly 


myself that these might not have been left during th 
decomposition and denudation of the rocks of the neigh. 
bourhood. It differs much from any glacial deposit I have 
seen, and I am sorry that I can neither suggest any theo 

to account for its origin nor agree with that of the illustrious 
Agassiz. To the latter there seems to me insuperable ob. 
jections. There are no moraines in the valley of the Lower 
Amazon. The terminal one might have been, as Agassiz 
suggests, washed away by the waves of the Atlantic, but the 


. great glacier ought to have left others to mark the various 


stages of its recession. No remnant of these has been 
found, and we cannot believe that a glacier that left a huge 


- moraine stretching for hundreds of miles across the whole 


seaward front of the Amazon Valley should have shrunk 
back for more than 1000 miles without leaving any what- 
ever to mark its retreating course. The Valley of the 
Amazon abounds with birds and beasts, many of which are 
found nowhere else. Peculiar species of fishes swarm in 
the river and its tributaries. If the great valley was filled 
with ice, where did these find a refuge? To Agassiz this 
did not present any difficulty, as he believed that the present 
inhabitants of the world had been created since the Glacial 
period ; but to those who hold the opinion that they art 
descended from pre-glacial ancestors, and that since the 
Glacial period there has not been much variation, the pect: 
liar genera and species of the fauna of the Amazon Vall 
present serious objections to the theory. 

Had Agassiz found in the Valley of the Amazon what he 
considered moraines, I should have had much difficulty i 
believing that he was mistaken, for no man had more aa 
rience of ice-aétion, present and past. Before him, C ré 
pentier and others had worked out the conclusion that 
glaciers of the Alps had in former days stretched fat 7 
their present limits, but they referred that extension to : 
elevation of the mountains, and not to a change of = : 
that affected all the northern parts of the continent. vf 
siz accepted the theory, at first, that the upheava fe 
Alps must, in some way or other, have been ere , 
the phenomena, but further study led him to ane o 
and conclude that the climatic conditions could 00 
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heen local, but must have be 
«Switzerland was bridged “When,” he says 
mass of ice stretching southward ‘rata to range, b a 
cany, northward into [’rance and Be and Tus 
Europe could not h urgundy, th f 
~ a ave remained y e rest of 
which induced this state of thi enaieties by the cause 
the founder of the theory of a rat _ Agassiz was ro 
Great Britain, in Scandinavia F lacial Period,” and A 
dence was soon found, and pr ‘ya in North America, e - 
attesting the truth of his grand een ever since accumulati vi- 
He was not likely to be mist _otgppeagrangat ing, 
amoraine, but he found ae en as to what constituted 
awe that he had not great valley, and 
ad guided him in his prev! - positive evide 
s0, however, with re previous glacial investigati — 
loWeVEr, gard to his di igations.t N 
glaciation on the m > his discovery of th ¥*r 
three degrees sou ountains of Ceara e marks of 
th Her 
cial aétion was to hi eys, and the evid , 
land, of Scotland as in the v af gla- 
This is the nearest the Northern States of witzer- 
glacial morai st point to th of America.| 
uge mo n e oth i 
gua, near the boun the northern of the 
Sh Bap, This is the farthest it and Honduras in lat. 
n traced 1 south t 
ountains of C In Nis geolo ical 
ey ge osta Rica he found gical researches in th 
the mountains of of northern 
17 of latitude, and eara there is an yr and those of 
of Costa Rica, of most of ake about 
large oa been seen. ‘This Po certain signs of _ 
logical sub-provi ide region incl 
lar tropical provinces, character cludes several 
elsewhe genera, and a w erised by highl 
eWhere on the conti ealth of speci y pecu- 
is area are | ntinents to the north ee mes wet with 
thick om rth and south. Withi 
: are linked t insects the e ithin 
very distri: has | ogether by a seri xtreme forms of 
through Its of gradations, and 
glaciated distr; ole. But as orms of types that 
istricts lying b we travel south f run 
between lat. 14° NT and the un- 
at. 3S. the 
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species become more and more separated ; the genera COM 


prise species as far removed from each other as before but ni 
these are not connected by the same intermediate forms look 
These gaps become wider and wider as we get farther south 0) 
until at the extreme end of the continent, where the my fae app 
are glaciated from ocean to ocean, isolation, and not affinity, Chil 
is the characteristic of the fauna, which is made up of waii grat 
and strays that appear rather to have struggled in from the one 


outside, upon a country that had been depopulated, thant nute 


have been developed within it. frag 
In the glaciers of Ceara and northern Nicaragua we find witl 
the first parallel between the glaciation of the two hemi the 
spheres ; and it is to be noted here, as it may be elsewhere, Sca 
that there appears to have been more ice heaped up on th cont 
southern half of the world than on the northern, the muh pick 
nearer approach of the glaciers to the Equator in Bra B 
than in Central America being the first evidence of it. This Sou 
was probably due, not to greater cold, but to greater precip: does 
tation, proportional to the vast evaporating area of the of t 
Southern Ocean. Rio 
Travelling southward, we find that Mr. David Forbes m mn 
ticed in Bolivia great accumulations of detritus with grooved ovel 
stones and deeply-furrowed rocks, resembling those that h of § 
was familiar with in Norway.* And on the opposite side 250 
the continent, near Rio Janeiro, Prof. Hartt has described of t 
moraines left by glaciers that formerly came down from th I 
mountains of Tijuca.t 
Still farther south the evidences of glacial action increas, con 
For the description of the phenomena of La Plata, Patage ee 
nia, and Chile we must still turn to the observations ( . 
Darwin made more than forty years ago, which, when We nt 
consider that the glacial theory was in its infancy, aed _ 
the same rare powers of acute observation and philosopht 6 
generalisation that have since made his name so —_ 7 
Ascending the River Santa Cruz, Darwin found, ht ~ 
tance of about 100 miles from the Atlantic and ata ne Bh 
of about 1400 feet above the level of the sea, a great : ve spe 
dance of large angular boulders that had been Hee «il We Wat 
from the Cordillera, the nearest slope of which eo he 2 
about 60 miles distant. On both sides of the a thet tain 
lat. 41°S. to the southern extremity of it, he const pastor Pro 
is the clearest evidence of former glacial action 1 ces B bra 
immense boulders transported far from their parent s 7 


* Darwin, Origin of Species, Sixth Edition, p. 335, | 
+ Geology and Physical Geography of Brazil, p. 2% 
t Origin of Species, Sixth Edition, p. 335: 
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Hedescribes Terra del Fuego as largely covered with till 
and boulder clay perfectly unstratified, and in which he 
looked in vain for marine remains. 
On the western coast the ice from the Chilian Cordillera 

appears to have flowed across the Straits to the island of 
Chiloe, as Darwin found it covered with large boulders of 
eranite and syenite that had come from the mainland. On 
one of the Chonos Islands he found a quantity of commi- 
outed marine shells in the drift, and in Chiloe two or three 
fragments of a Cytherea.* We may compare these facts 
with those in the northern hemisphere, where the drift in 
the southern shores of the Baltic, brought by land ice from 
Scandinavia, is found—as in the vicinity of Bromberg—to 
contain broken and worn sea-shells that have probably been 
picked up in the passage of the ice across the ocean-bed. 
Ren. just the same relation to the Glacial period in 
as of the Rhine and the Danube 
rs resembling the diluvial clay 
Rio Plata, Banda Oriental, d Entr 
; ntre Kios. It covers. an 
ora to St. Bajada, a distance 
ilst M. d’Orbigny traced it for 
rth. From east to west, in the latitude 
0 he Plata, it extends for at least 300 miles. 
indurated, argillaceous earth, 

00 feet thick, with lines of calcareous 

concretions, and occasionally changing into a % 
marly rock. Marine shells are found ttered th 
surface of this deposit at so thot 
a8 a remarkable fact, their thie ‘thie j 
ecenting ughou e deposit, 
we. layers near Buenos Ayres. 
only found in the plese tang appear to be very rare, and 
it the eed of the deposit. Thus, in some 
at the hottom of the tooth of a Mastodon found 

renberg found seven s mus at Gorodona, 
species of Phytolithavia arias olygastrica and thirteen 
| water origin, only thr Sail these nearly all are of fresh- 

in Bahia BI ce being marine. At Monte Hermoso, 
ct eae the lower part of the Pampean mud 

Prof. Ehrenber mblage of microscopical organisms. 
rackish so ga considers that they must have lived in 


le m 
ost remarkable facts respecting the Pampean 


“ Trans. Geol. Sec., vol. vi., p. 426. 
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formation are its vast extent and the 

remains of large extinct mammals imbedded ry'g- 
Darwin says that he is firmly convinced that it would 
impossible to cut a deep trench in any line actos 4 
Pampas without meeting with the remains of some vad : 
ped. Wherever sections are exposed skeletons or detach 
bones are found, so that ‘‘ the whole area of the Pampss: 
one wide sepulchre of these extinct gigantic quadrupeis™ 
At Punta Alta, within an area of about 200 yards s | 
were found the remains of no less than nine specs ¢ 
gigantic extinct mammals, including three Megatheriums ; 
Megalonyx, a Mylodon, and an extinét horse. Some of th 
skeletons were nearly perfect, besides which there wer fame Pot 
many detached bones. On the banks of the Parana tw sto | 
entire skeletons of the Mastodon were found near the bay Th 
of the Pampean mud. clusic 
The Pampas extend southwards to the Rio Colorad, im 
There, beds of gravel begin to take the place of the Pam. satis! 
pean mud. These are at first thin, and composed of smal Patag 
pebbles. Farther south the gravel-beds are composed ¢ im "'S ‘ 
coarser pebbles, with sometimes large boulders. This ds at Os 
posit of shingle extends for 800 miles up to the Straits ¢ ton | 
Magellan. In some parts the plains of gravel rise in step 


anime 
respec 
of the 
He s 
chang 
Amer 
chang 
now | 
from ' 
have 

there 
chang 


formed terraces to a height of 1200 feet above the sea: fame 280 
Marine shells are scattered over the surface of the plain he ( 
but are not found in the beds of gravel, which, like th Th 
Pampean mud, contain in some parts numerous remain the | 
of the great extinct quadrupeds. rem 

Darwir mentions that the Mammalian remains havent 


anywhere been found in existing marshes or peat-beds: al R 

are entombed in the body of the deposit of which the plas Hi.” 

are composed. | 
In the Pampas, in the caves of Brazil, and in deposits t 


hundred extinct species of quadrupeds, many of great si of th 
have been found. ‘There are representatives of the slotis hs 
and armadillos as large as existing elephants. There a r 
also representatives of genera that do not now exist I of th 
South America, but still live in other parts of the wotlt- of B 
such as leopards and antelopes. ‘The remains of the host there 
are abundant, though when the Spaniards discovered Amen 

it was extinct there. 


Mr. Wallace, in his great work on the distribution ° Pole 
_* Darwin, Naturalist’s Voyage, p. 155- The whole of my oer 
respecting the Pampas is derived from this work and from +n¢ 
Observations on South America by the same author. 
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snimals, has given an excellent summary of the facts known 
respecting these lost animals, and has placed the question 
their extinction before us with clear-cut distinctness.* 
We shows that in very recent geological times a great 
change has taken place in the fauna not only of South 
America, but of North America and Europe, and that this 
change is unprecedented in older geological periods. We 
now live, he says, ‘in a zoologically impoverished world, 
fom which all the hugest and fiercest and strangest forms 
have disappeared.” He urges, with luminous force, that 
there must have been some physical cause for this great 
change, which must have acted at the same time over large 
portions of the earth’s surface. Such a cause he considers 
isto be found in that great era, the glacial period. 

There is much to be said in favour of Mr. Wallace’s con- 
clusion. The Pampean mud occupies the same relation to 
recent deposits as other clays whose glacial age has been 
satisfactorily determined. Both it and the gravel-beds of 
Patagonia, in many places, lie directly above marine depo- 
sits of undoubted late Pliocene age, as they contain shells 
of Ostrea Patagonica. ‘They hold, therefore, the same posi- 
tion between the tertiary and recent deposits that glacial 
deds occupy in other countries. The Patagonian deposits 


also contain large boulders that have been transported from . 


the Cordillera, 


The Pampean mud has been compared with the loess of 
te Rhine~a similar fine slightly-indurated clay, which 
— the bones of the extinét mammoth and woolly 
meper It appears to be still more like the beds of 
luvial clay that form the wide-spread steppes of Southern 
ey This clay is of undoubted Glacial age, and when 
a contains large blocks of stone derived 
i _ hundreds of miles to the north, just as the Pam- 
vith ee traced southward is replaced by gravel-beds 
this i ers from the Cordillera. In the January number 
es Lp I have advocated the theory that the diluvial 
he ee Europe and the loess of the Rhine and 
of the ood tg spread out in a great lake, when the bed 
of Burg occupied by ice that stopped the drainage 

ar as it extended. In eastern North America 

‘vidence of a similar interruption to the drainage 
as far as North Virginia. 


America as from the North Pole in North 


. Geographical Distribution of Animals, vol. i., p. 143. 
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America there is the same evidence of the land hays 
been covered with water which was not that of the seq: ; 
the deposits left by it do not contain marine remains, i 
we may suppose that a similar mass of ice accumulate 
around, and spread from the Antarétic as from the Arde 
regions, and that ultimately a prolongation or arm of thy 
icy mass reached the eastern coast of South America, » 
as to dam back the streams as far as the Rio Plata, w, 
shall have, I believe, a complete explanation of the depos. 
tion of the Pampean mud and the Patagonian gravels, ani 
of the destruction of the great mammals and the entomb. 
ment of their remains. | 

The present physical geography of the world and th 
existing distribution of. its inhabitants. were immediate 
preceded by a wide-spread entombment of land animals, u 
paralleled elsewhere in the geological record. In lake basin 
and estuaries of Eocene and Miocene age there have bet 
preserved abundant remains of land animals, more especial 
in connection with the movements of elevation of certat 
mountain chains and the volcanic phenomena that accom 
panied them; but, compared with that which we are dis 
cussing, these entombments are insignificant and pattid 
The destruction of life that took place in the Glacial peri 
was continental, if not world-wide, in its extent. The dt 
posits in which the remains are found were not formed it 
old lake basins; they fringe, and in some cases neatly ort 
spread, the continents, or run in great arms Up the large 
valleys. Here and there in America, Europe, and Ast 
there are isolated deposits containing the remains of tertiat} 
mammals, but the bones of the glacial mammals are spr 
over all the northern parts of the northern continents, a 
in South America are of equal extent. _ : 

The blockage of the coasts by ice flowing down the “— 
beds seems just such an event as would bring about 
destruction of life and the entombment of the remalls 
which we have so much evidence. I shall have to a 
the consideration of the possibility of such ‘= a 
having advanced northwards from the Antarctic cite 
we have examined the evidences of glaciation 9 a 
Zealand ; but let us assume now for a moment vee ) 
accumulation did take place, and that 1 flowed 7 hi 
eastern coast of South America; then, as it 
drainage of each great valley, progressively from t ‘ 7 
northward, the waters pounded back would gobs ofthe 
whelm the animals living on the plains. The natur ats, 
deposits favours this supposition. The lowest P : 
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those first formed, contain some evidence of brackish water 
onditions such as might have been produced by the em- 
rracement of the salt water of bays within the area blocked 
up by the ice; but the upper parts contain nothing but the 
mains of land animals, whilst the proof of the presence 
of water is complete in the rounded and stratified shingle 
forming the Patagonian plains. 

Mr. Wallace has shown that the cave fauna in Brazil 
fifers from that of the Pampas in containing a larger pro- 
potion of existing genera, and is inclined to believe that 
this may imply that the Pampean mud is a little older than 
the cave deposits.* It may, however, be due, I think, to 

B the destruction of life having been more complete in Buenos 
Ayres and Patagonia than in Brazil, and that, in pre-glacial 
times, as now, the former countries formed a part of a dis- 
tint zoological sub-region. ‘That the destruction of life in 
Brazil should have been less complete than farther south is 
likely—not only because we have no proof that the great 
flood extended so far north, but because there was a large 
extent of country, neither covered with ice nor overwhelmed 
with water, where many of the species might be preserved. 
In Patagonia and Buenos Ayres the lower country was 
covered with water, the upper mostly with glaciers descending 
itom the mountains, so that the retreat of the animals from 
the flood was in a great measure cut off. The peculiar spe- 
ies that have been preserved in the Chilian sub-region, 
which includes Patagonia and Buenos Ayres, are principally 
ilpine forms, such as the Chinchillas, the Alpacas, and the 

iscachas, which we may suppose found a refuge during the 
ood in some high lands not covered with glacier ice. 
have retreated northward up the western side 
and returned southward after the greatest 
i ; the Glacial period had passed away. ‘he re- 
Metico begs extinct llama are found on the high plains of 
am the genus had undoubtedly a former greater 
wards. The principal extirpation of life 
7 chen “hs been amongst the bulky species, on whom i 
OL Environment would press most heavily, and 


\ 
ido — to low-lying districts. ‘Thus the Mas- 
hades 4 : remains are found at great heights in the 
that belel te bait have escaped the complete destruction 
= “telision of th y companions at the time of the greatest 
tom their fr h, ice, as I saw remains of it in Mexico that 
Sn appearance were probably as recent as those 


~ Geographical Distribution of Animals, vol. i., p. 146. 
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of the species that is found in post-glaci its | 
States. 
Whilst the eastern coasts of Patagonia are fringed wit 
plains of gravel, the western are indented with deep fiords 
like those of Norway, and, as Dana and Ramsay hay 
shown, these fiords are evidence of great glaciation, and 
have probably been excavated by ice-action. : 


Leaving South America and passing to the continent of 
Africa, we find but little evidence of the Glacial period, a 
its southern extremity only reaches to about lat. 35°S, Mr. 
G. W. Stow has, however, shown that the southern range 
of mountains undoubtedly bore glaciers. Thus the Katber 
range is in many parts rounded and smoothed, as if by th 


_ passage of ice, and on its northern slopes there are great 


mounds and ridges of unstratified clay packed with angular 
boulders of every size, from small gravel and pieces of afen 
pounds weight to masses of several tons.* The slopes ¢i 
the Stormberg are similarly glaciated, and there are immense 
accumulations of morainic matter in all the valleys. Bott 
lateral and terminal moraines .have been observed in these 
mountains. In British Kaffraria, near Greytown, the i: 
would appear to have reached nearly to the present sea-level 
Mr. Stow comes to the conclusion that the rounding-of « 
the hills in the interior, the numerous dome-shaped rocis, 
the enormous erratic boulders in positions where water could 
not have carried them, the frequency of unstratified clays 
clays with imbedded angular boulders, drift and loity mound 
of boulders, and the large tracts of country thickly spread 


_ over with unstratified clays and superimposed fragments 0 


rock,—all indicate the conditions that in other countries 
characterise the Glacial period.t 


The Rev. W. B. Clarke has informed Mr. Darwin of fats 
from which it appears that there are traces of former glacial 
action on the mountains of the south-eastern come 
Australia, but Ido not know the particulars.J | att 
seen any notice of glacial phenomena in Tasmania, but! 


extremely probable that they will be found. In gris! 2 i 
the evidences of former glaciation are clear 


takable, and they have been described by many pt 
to 


servers. The large glaciers that still exist in the m0 
of the South Island bear about the same relation 


* Quart. Journ. Geol. Soc., vol. xxvii, P» 539 


+ Ibid., p. 544. 
+ Darwin, Origin of Species, Sixth Edition, Pp» 335" 
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ancient ones as those of the European Alps do to the much 
larger ones of the Glacial period. The western sea-board 
is penetrated by long sounds or fiords, many of which are 
more than 1000 feet deep. On the eastern side of the range 
thefiords are replaced by arms of large and deep fresh-water 
lakes; and so far do the marine fiords on one side, and the 
arms of the fresh-water lakes on the other, cut into the 
mountain chain that in many places they reach to within 
10 miles of each other.* ‘The New Zealand geologists 
appear to be unanimous in ascribing the formation of the 
sounds and deep lakes to the action of ice. ‘The former 
great extension of the glaciers is marked by immense mo- 
rainic accumulations and transported boulders. These 
deposits have been ably described by Dr. Haast. Il*or more 
than go miles south of the River Mikonuhi, on the western 
coast, all the lower country is covered by mounds and 
sheets composed of unstratified clays packed with boulders 
‘from the mountain chain. The moraines form low hills 
bounding the sea, the waves of which have cut them into 
cliffs. Along the whole of this shore glaciers must have 
descended from the New Zealand Alps down to, and pro- 
bably beyond the present sea-level. Some of the imbedded 
blocks exposed in the sections on the sea-coast are of im- 
mense size, often larger than the celebrated Pierre-a-bot, in 
. s Jura. These blocks have principally been brought from 
: = very centre of the chain, and the distribution of the 
: “sg formations in the drift and alluvial beds has 
the to the conclusion that the configuration ol 

>a - ain chain was similar to what it is now at the 
of the great extension of the glaciers.t 

ae me sontern side of the range the old glaciers did not 
mites a as on the western side, but terminated 
plains of ; which is bounded by great 
Mr. Lock. the northern part of the South 
tI a enclosed by hun vers has shown that many ol the lakes 
there is also uge moraines, and in the North Island 
evidence of intense glacial action. 
iv HA bordered ern and eastern coasts of the South Island are 

y reat plains, composed of gravel and rounded 

bones of the overlic beds of silt containing 
the Southland Me moas. In the south part of the island 
, lains extend for nearly 40 miles along the 
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338 Glactal Period in the (July 
coast, and back from it for about 26 miles, besides sendin 
arms up the valleys of the Mataura, Oreti, and Jaca 
Rivers. This plain is composed of shingle, sand, and clay 
with some seams of lignite near the base of the deposits 
It wraps around the Moonlight Range and Hokonui Hills 
which stand up like islands out of it. The beds of which 
it is composed contain the bones of the great exting 
apterous birds. Marine remains are not found, but Captain 
Hutton ascribes its formation to the action of the sea when 
the land stood at a lower level, as he finds it impossible to 
believe ‘‘ that the alluvia of the Mataura, the Oreti, and 
the Jacob Rivers should all join one another with gradual 
slopes behind the seaward range of hills without the inter. 
vention of some uniform widely-acting cause, such as the 
sea.”* 


Section N. Sipe or Oamaru (CAPTAIN Hutton). 


a. Gravels of the Plains. 

b. Silt with Moa Bones at *. 

c. Gravels with twenty-two species of Marine Shells, all but two still living 
onthe New Zealand coasts. 

d. Basalt. 

These plains rise gradually from the sea-coast until they 
attain a height of about 600 feet next the mountains. On 
the coast they overlie marine deposits of late Pliocene age: 
The above section, from the work already quoted, showsthe 
relation of the beds on the north side of Oamaru Cape. | 

The silt formation extends inland for a considerable dis- 
tance, and is extensively developed at Hampden. Capes 
Hutton notes the great analogy it presents tu the Pampea 
formation of South America. The remains of the - 
birds are distributed, like those of the extinct sap 
Buenos Ayres, throughout the deposit. The above wr 
might indeed be almost exactly paralleled from Sout ) 
rica, more especially in Patagonia, where the grav’ 


* Geology and Gold-Fields of Otago, P- 79 
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containing bones of extinét mammals overlie marine strata 
liocene age. 

ere east aids great plains, separated by rocky pro- 
montories, border the sea. The well-known Canterbury 
Plains are the greatest of these outspreads of gravel: they 
have been well described by Dr. Haast, and the question of 
their origin has been a fruitful source of controversy ; they 
are 112 miles in length, and run back from the coast to the 
hase of the mountains in the interior; gradually rising until 
they attain an elevation of about 1500 feet above the sea, 
according to Dr. Hochstetter.* These plains are composed 
of boulders, gravels, sand, and clay, and in some parts the 
deposits are upwards of 200 feet thick. Throughout the 
whole formation no marine remains have been found. At 
Banks’s Peninsula the gravel-beds are replaced by deposits 
of silt that cover the volcanic hills to a height of about 
800 feet above the sea. ‘This fine loam must, from its 
description, closely resemble the loess of the Rhine and 
Danube, and it contains the bones of the great wingless 
birds and land-shells, but nowhere has the least trace of 
marine life been found in it.t 

We have thus in New Zealand a repetition of the pheno- 
mena observed in Patagonia—great plains of gravel.and silt 
on the eastern, and deep sounds or fiords on the western, 
coasts. In both countries the deposits of the plains entomb 
the remains of large extinct animals, and their geological 
age is fixed by both overlying marine beds of late Pliocene 
age. They are the representatives in position of the 
glacial beds of the northern hemisphere. Considering the 
very different distribution of land and water in the two 
hemispheres the resemblance of their glacial phenomena is 
most remarkable. Yet still more remarkable is it that most 
of the able naturalists of New Zealand not only deny that 
there is proof of a Glacial epoch in their country, but even 
ate inclined to refuse us one elsewhere on the evidence they 
find there. I do not gather very clearly Dr. Haast’s opinion 
on this question, and as a few years ago he was certainly in 
avour of New Zealand having been covered with an ice- 
sheet like Greenland, he may perhaps be excepted; but the 
remainder of the geologists, headed by Dr. Heétor and 
apt. Hutton, contend that the glaciation of New Zealand 
_ No connection with a general glacial period, and that 

© seat accumulation of ice was owing to the mountains 


* New Zealand, English Edition, p. 508. 
Dr. Haast, Trans. New Zeal. Inst., vol. vi., p. 423. 
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having then been higher. Dr. Heétor, who first Suggested 
this explanation, candidly admits that the shore deposits do 
not support it, and considers that there must have been 
unequal movements of elevation, and that the former 
greater weight of the mountains was due to their greater 
bulk, which has since been reduced by denudation, 

Dr. Hector, so far as I can make out from his writings, 
only seems to offer this as an alternative to accepting the 
occurrence of a general Glacial epoch, and we must turn to 
the works of Captain Hutton forthe reasons that have weighed 
with the New Zealand geologists in rejecting the theory of 
a Glacial period, which, since Agassiz first propounded it for 
the northern hemisphere, has been adopted by nearly all our 
leading geologists. In the first place Captain Hutton thinks 
that the date of the last great glacier period of New Zealand, 
must be placed much further back than that of the northem 
hemisphere, because, since it occurred, some of the old lake 
basins have been filled up with deposits brought down by 
the streams; the surfaces of the rocks that were formerly 
covered with ice have been weathered to a depth of ten or 
twelve feet ; old river courses have been filled with gravels, 
and the streams have cut new channels to great depths, so 
that in many places the drainage system of the country has 
been altered.* But in reality these facts should rather have 
been advanced as evidence of the analogy of the glacial 
phenomena of the two hemispheres instead of as a distinction 
betweenthem. We have but to appeal to the erosion of the 
deep gorge of the Niagara, jor at least a distance of three 
miles since the glaciation of Canada, to the reversal of the 
drainage of the great lakes from the Mississippi into thet. 


Lawrence, to the buried old river channels of the north of 


England and of Scotland, and to the numerous filled-up lake 
basins of Europe and America, to show that it is the resem 
blancesand not the differences that strike us with greatest force. 

Captain Hutton has not, however, restricted his argument 
to the physical side of the question, but has sought t0 
strengthen it by appealing to the evidence of the organ 
remains. It is admitted that the Glacial deposits —— 
no marine organism, but, as we have already seen, they isl 
lie beds of gravel and sand, with sea shells of late Fue 
age, as shown in the Oamaru section. ‘These late yo 
deposits are largely developed at Wanganul in Cook's 7 ‘ 
and it is from a study of the present and past range te 
species of the marine mollusks in these and similar beds; 


* Geology and Gold Fields of Otago, Pp. 94- 
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that Captain Hutton’s ingenious argument is founded. He 
has given a list of a great number of mollusks found in these 
beds that do not now live so far south, whilst only a few 
occur that do not now live so far north.* This, he thinks, 
proves that there was no reduction in the general tem- 
perature in times immediately preceding the glaciation of the 
country. We do not know, however, the age of these pre- 
glacial deposits, and they may be as far back in time as 
our coralline crag, and the value of the evidence has been 
much lessened by some facts described by Mr. C. W. Purnell. 
He states that at Wanganui there are three distinct fossil- 
iferous strata, separated by thick beds of volcanic mud, and 
that the shells of these different horizons are mixed together 
in Captain Hutton’s lists.+ If this is so, it may yet appear, 
when the fauna of each zone is more critically studied, that 
the same evidence of a gradual refrigeration of the climate 
in the Pliocene epoch exists in New Zealand as in Europe. 

Captain Hutton further argues that as many of the shells 
that extend back to the Miocene epoch, and still exist on 
the coast of New Zealand, are littoral species, and are not 
found elsewhere, we should have to suppose, if the extension 
of the glaciers was due to the change in the climate, that 
during the cold period they crossed the deep sea to Australia 
or Polynesia, and that, on the return of a warmer cli- 
mate, they all came back again to New Zealand without 
leaving any behind on the coasts they had retired to during 
the Glacial period. He concludes, therefore, that since the 
Miocene period there can have been no reduétion of tem- 
perature sufficient to account for the former extension of the 
glaciers, and that we must necessarily look to elevation of 
the land as the main cause. He admits, however, that it is 
possible that the two may have been combined, but con- 
Siders that at present the evidence seems to be in favour of 
there never having been a Glacial epoch in New Zealand, 
and consequently none in the southern hemisphere. ; 

Now, if the theories I have advocated respecting the 
pr penod are correct, the two conditions of the glacia- 
rte é land, and at the same time its relatively greater 
oo above the level of the ocean, must have existed 
wpa Hp such an amount of ice as is necessary could 
cir pled up around and outside the Arctic and Antarctic 

*s at the same time without akstra¢ting so much water 


* Trans. New Zeal. I iil 
lished an abstract of his views in the 
‘ans. New Zeal. Inst., vol. vii. 
Ibid., vol, viii, P. 387. 


p. 383. Captain Hutton has also pub. 
Geological Magazine, 1875, p. 580. 
» 453- 
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342 Glacial Period in the uly, 
from the ocean as to lower its level to the extent, I believe 
of about 2000 feet; and this: lowering of the ocean would 
give a coast line along which the littoral mollusks might 
retreat northwards during the Glacial period. In the lin 
of soundings made between Australia and New Zealand by 
the officers of the Challenger, it was found that from the 
Australian shore the water deepened gradually until a depth 
was attained of 2600 fathoms, at about one-third the dis. 
tance sccross. Nearer New Zealand the water shoaled 
suddenly, and at a distance of about 280 miles from its 
shore, a depth of only 275 fathoms, or 1650 feet, was found 
with a rocky bottom. These soundings were taken in one 
line only, and there can be scarcely a doubt that a lowering 
of the sea level 2000 feet would add more than 300 milesto 
the extension of New Zealand northward, and afford the 
necessary refuge for its fauna and flora during the Glacial 
period. 

To prove the necessity of lands to the northward, now sub- 
merged, having then been above the sea, it was not necessary 
to appeal to the evidence of the marine shells, which is % 
far doubtful, as it is known that many shailow water species, 
under other circumstances, live at a great depth; as that 0 
the inhabitants of the land was equally available and more 
certain. For the bones of the great extinct birds are not 
confined to the drift beds, but are found in old kitchen 
middens, ovens, encampments, and other places on the sur 
face of the glacial beds, proving, that after the cold perio 
had passed away, they returned again. It 1s certain that 
they must have been expelled from the existing area of tht 
South Island, when glaciers came down beyond the i 
coast lines on the west side, and the great plains of drut 
were being formed under water on the east. The eT" 
mollusks might have passed across some chanae® ¢ 
sea, but the apterous birds required a continuous land = 
sage during their retreat, and the withdrawal of the Sa 
of the ocean would have afforded this, not only to the ~ 
Island, but to the great plateau now submerged, ¥ rf 
existence has been indicated by the few soundings 0 
Challenger expedition. ‘ots thd 

We may agree with the New Zealand geologist 
their country stood at a higher level above the — _ 
now does when it was glaciated ; but instead of loo rh 
this as evidence in favour of local causes having © she et 
accumulation of the ice, it is only another link 1n ae 
dence to prove that the level of the ocean was eee at 
that the glaciation of the southern hemisphere took P 


nh 
ok 
Ait’ 
4 
tick 


1877.] Southern Hemisphere. 343 


the same time as that of the northern, as it occurred when 
the land stood relatively to the sea higher than it now does. 
There is the same objection to its being movements of the 
land that effected this, as there is to the theory of similar 
land movements in Great Britain, for the New Zealand 
geologists would send their country 3000 feet up into 
the air to allow the glaciers to descend to the present sea- 
level, and lower it 2000 feet to permit the gravels of the 
plains to be spread out, making a total movement of more 
than 5000 feet; yet after these enormous imaginary oscilla- 
tions, we find everywhere, as we do in England, the pre- 
glacial shell beds with their littoral species only within a 
a few feet of the present shore line. 

Let us now turn to the consideration of the question of 
the origin of the great plains of drift and silt that border the 
eastern and southern coasts. Dr. Haast, in his able essay 
onthe structure and origin of the Canterbury Plains, con- 
sidered that the gravels were the exuviz from the great 
glaciers of the interior that had been spread out by the 
floods produced whilst it was melting. Some serious objec- 
tions have been urged against this view. ‘The sheets of 
gravel wrap around the hills, and are spread right across 
the water-sheds between different river systems. ‘They are 
nearly level for scores, or even hundreds of miles. Ranges 
_ ot hills are isolated so that they rise up from the plains like 
islands out of the sea. The waters, necessary to overflow 
such an extent of country, would be raging torrents, which, 
instead of depositing sediments, would sweep everything 
before them into the ocean ; and would be rather agents of 
aren and denudation than of deposition above the sea- 
ay There are beds of silt up to 800 feet above the sea- 
* at Banks’s Peninsula, and for the deposition of these 
soc —_— the presence of tranquil waters, and not 
eae A acre It may also be remarked that it is not 
paved 4 even on the hottest day, sufficient ice could 
means th 0 produce the quantity of water required to sub- 
hin country next the sea shore beneath a flood several 
aa on deep. The very statement of the enormous 

required seems to condemn the theory 
would be bigerseiped that every day the water produced 
stop its Otis off, if near the sea there was nothing to 

~ Dag ow and dam it back. . 
z onsiderations have led the generality of New 

taland geologists to adopt the th that th t 
ward plains are of dopt the theory that the great sea- 
sands and | marine formation, and that the gravels, 

, Oams were spread out when the land stood much 
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lower than now. The theory is the same ash 
posed to account for the similar outspreads of sheet 
gravel and drift in other parts of the world in the Gia, E 
period, and the same objection is to be made to t—th 
absence of marine remains. In the case of New Zealai 
the drift has not been found to contain even the broken and 
worn sea shells that in Europe occur in some cases where 
ice had advanced on the land from the sea, bringing some 
of the productions of the latter with it. 

If the theory is correct, the land must have sunk 
nearly 2000 feet, to allow of the formation of the Canter. 
bury Plains. As it was slowly sinking and rising again 
every portion of the area submerged would become a sea 
beach, and pass through the different stages of shallow and 
deep water ; that at the present sea-level to a depth of about 
2000 feet. As the land emerged, these stages would again 
be passed through. Along these successive coast-lines 
there would be bays and promontcories, estuaries and sand 
banks, rocky cliffs and pebbly beaches. We have evidence, 
as.Captain Hutton has shown to us, that the mollusks 
never left the shores. What then has become of their re- 
mains? We may grant that there must have been much 
destruction of the old sea beds during the rise of the land, 
but there ought to be some exceptions from that devastation, 
and not total and supreme annihilation. The beds then- 
selves have not been destroyed ; there are sheets of gravels, 
sands, and clays, lying as they are supposed to have been 
spread out during the submergence, but they contain no 
marine organism. Contrast these with the pre-glacial beds 
in the same distriéts, as, for instance, the clays and sands 
on the coast at Wanganui and Oamaru. ‘These teem witt 
sea shells, yet the unconsolidated sands and gravels of which 
they consist have passed through all the vicissitudes of the 
Glacial period. In Europe it is the same; the pre-glacial 
marine beds at Cromer and elsewhere, often of loose sand 
are full of marine shells. We have also in Europe the post 
glacial raised beaches, as in Scotland, up to 50 feet, and in 
Norway up to 600 feet above the sea-level, and these att 
often so crowded with marine shells, that in Norway they 
have been worked for many years for burning into lime. ) 

We cannot believe that no life existed in these me 
we know that it abounds both in the Arétic and sane 
regions up to the foot of the great ice-sheet. Dr. Hoo 


states that along the shores of the Victoria _, 
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ceous remains, that the water and the ice of the 
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Polar ocean abound with them, and that they occur ‘in 
such myriads that where washed on the bergs or pack-ice 
wv the sea they stain it a pale ochreous colour. These 
x Hoes were detected along every ice-bound shore, and in 
the depths of the adjoining ocean between 80 and 400 
fthoms.* Noris life in the polar regions restricted to these 
minute organisms, for recent Arctic explorations have proved 
hat mollusks and crustaceans swarm at the very foot of the 
Greenland glaciers, and even to the north of Siberia where 
the water is freshened by the great floods, poured into the 
Arctic Ocean by the Obi and the Yenisel. 

In New Zealand, Mr. Crawfurd has recognised the signi- 
feance of the absence of marine life in the deposits form- 
ing the plains, and has suggested that they have been 
spread out in great fresh-water lakes. ‘To account for the 
origin of these lakes he supposes that there was formerly 
a barrier of land running down the south-eastern coast, 
which has since entirely disappeared.t Agreeing as I do 
with Mr. Crawfurd, that the facts he has brought forward 
‘show that these deposits are not marine, it is difficult to 
believe in the possibility of a ridge of land having been 
elevated, since Pliocene times, along the whole coast of New 
Zealand, to a height of 2000 feet, and utterly destroyed 
since, so that not a vestige of it remains. 

It will have been premised that I attribute the origin of 
these deposits, as I have those of similar ones in South 
America, to the advance of the Antar¢tic ice upon the coast 
so as to block up the drainage of the land. The great 
eature of the Glacial period is, of course, the enormous de- 

velopment and accretion of ice, and to call in its aid appears 
j ‘ess hazardous than to invoke oscillations of the earth’s 
crust, which, in our present ignorance of the condition of the 
interior, may be impossible. I do not hide from myself the 
vast quantity of ice that is required on this supposition ; nor 
the difficulty of accounting for its formation, and I have only 
es driven very gradually and unwillingly to the conclusions 

how hold respecting its extent. In my last paper in this 
pre I endeavoured to show that in the North Atlantic 
ete © ice would accumulate most at the northern end of 
a Sua evaporating basin; that when it was heaped up 
at pri to such a height as to intercept all the mois- 
se € currents of air travelling northwards, the pre- 

péation would take place on its southern slope only ; and 


* Flora Antarética, vol. ii 
t Trans. New Zeal. Inst., vol.jviii., p. 369. 
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that the latter would advance southward, not only b 

ing glacier-like, but by the area of precipitation itself bei 
moved southward. A similar accumulation and extensin 
must, I think, have taken place in the Antar@ic nar 
We have learnt that there is a great precipitation of sy 
around the edge of the ice-sheet with which the Antart 
continent, so far as we know, is covered; but an equilibrium 
has been attained between the forces concerned in its form. 
tion on the one hand, and its liquefaétion on the other, » 
that it does not now advance further. 

In the Glacial period that equilibrium must have ber 
disturbed in favour of the accumulation of the ice, not 
necessarily by greater cold, which would tend to lessen th 
precipitation, but from some cause favouring a larger amout 
of moisture reaching the polar regions, and falling there i 
the form of snow. If this did occur, I believe that the ic 
might obtain powers of accumulation and growth, wheri 
was fed by large evaporating areas, that might enableth 
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arctic circles to advance upon and invade the tempene 
regions ; especially down the ocean depressions. | indicate 
some of the causes of accretion in my last paper. Tht 
currents of air travelling from the tropical and tempera 
zones towards the Poles, such as the counter trade win 
are charged with moisture which is precipitated when they 
reach colder regions or encounter mountain-chains. (or 
fining ourselves to the southern hemisphere we find tha 
much of the moisture falls as rain in low latitudes, jé 
that a certain proportion of it reaches the Arctic circle, a 
there falls as snow, and recuperates the ever-melting ' 
sheet. Let us suppose that some change took place 0 
which much more of this moisture would reach the yer 
ice-sheet, such, for instance, as would probably be “ 
if the obliquity of the ecliptic was increased. This 
raising the temperature of the temperate zone, would rr 
much more moisture to reach the southern 1ce-cap, . | 
precipitated there so as to add to its extent and heig > 
the edge of the ice-cap moved northward, it would ae i. 
itself not only the moisture that would have reat . - 
its old position, but that which belonged (o the area ! 
occupied. 
Agi remarked in my last paper on the Atlantic ome 
but reversing the dire¢tion of its progress, It WO" 
ridge of ice slowly advancing northward, and appt ‘ini 
the precipitation of the regions it invaded » ae 
further progress. Its advance would be due to tw 


opriall 


| 
{ 
hy 
| h 
It 
| 
| 
hit 
if 
it 
it 
Bb 


i677 Southern Hemisphere. 347 
the flow of the ice itself, and the area of frozen precipitation 
being moved northward by the accretion on the northern 
slope of the ice-sheet ; for when it had attained a certain 
height above the sea-level it would intercept the whole of 
the moisture of currents of air travelling over it, and cause 
is precipitation on its northern slope, so that, as it advanced 
further from the Pole, there would be more and more preci- 
pitation, and its progress would only be ultimately checked 
by it reaching a warm enough latitude to greatly increase 
the liquefaction of the ice. The height of the ridge would 
increase aS it reached more temperate regions, as it would 
primarily depend upon the altitude to which the moisture 
was catried before it was precipitated, and this would 
be greater the lower the latitude the ridge of ice at- 
tained to. 

I do not suppose that this ridge of ice, or the zone of 
sreatest frozen precipitation, ever reached to New Zealand 

. orto the Rio Plata, but only that the ice flowing from it did 
s. The zone of greatest precipitation may have been 
hundreds of miles farther south, and if anyone then could 
have stood on the edge of the great ice-sheet he would have 
seen to the south probably what appeared a level plain of 
ce reaching to the horizon, so gradual would have been its 
rise in that dire¢tion. M. Favre, in his elaborate account 
of the old glaciers of the northern rivers of the Alps, has 
proved that at their greatest extent the slope of the upper 
surface of the ice was very small, and for great distances 
neatly horizontal.* And Mr. Helland, describing the great 
ice-sheet that covers North Greenland, states that it resem- 

bles agreat sea, but seems to rise slowly inland.. Where the 

glaciers are largest on the coast the rainfall is not consider- 

able, and Mr. Helland concludes from this that the source i 

of the ice must be far in the interior.t In consequence of r 

this property of flowing with a small slope the ice has been | 

a to the coast for more than a hundred miles, at f 
~ tom where it was accumulated, and the whole of the t 

its course is far below the limits of perpetual 

€ coast of Greenland does not, therefore, owe its 

mes me to the climate there, but to the outflow from the | 

4 laciah ering grounds of the far interior. And in the 

ag period the neighbourhood of Lyons was glaciated 


“a a that had flowed from the far distant Alps, and which 
ts great part of its course was nearly horizontal on its” 


Upper surface. 


* Archives des Sciences d ibliothé ii 
e la Bibliothéque Universelle, 1876, t. Ivii. 
uart. Journ. Geol, Soc., vol, 146. 
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Judging from what we know of the 
surfaces of the present ice-sheets of Gr 
bergen, and from the marks left by the old Aln; 3 
we shall not, I think, be justified in allowing thee 
circumpolar ice-sheets a greater surface Slope then risa 
and supposing that the ice was 2000 feet higher than 
present level of the sea, when it reached New Zealanj ; 
should have to go back in the dire¢tion from which it fone 
more than 200 miles before we reached a height of Scones 
above the present sea-level, which may have been the Zone 
of greatest precipitation. 

Prof. Tyndall, in his well-known and often-quoted ob 
servations on the Glacial period, has so torcibly and Clearly 
defined some of the necessary conditions to allow of a greg 
accumulation of ice, that I may be allowed again to tefert 
them. He shows that the ancient glaciers required forthe 
formation that water should be evaporated by heat, and tha 
by lessening the force of the sun’s rays we should not increas 
the glaciers, but cut them off at their source ; and he illu 
trates this by referring to a distilling apparatus, and re 
minding us that if we wished to increase the quantity 
distilled we should certainly not attain our object 
reducing the fire under our boiler. ‘‘ It is quite manifest,’ 
he says, “‘ that the thing most needed to produce the gh 
ciers is an improved condenser; we cannot afford to lose an 
iota of solar action; we need, if anything, more vapour, 
but we need a condenser so powerful that this vapour 
instead of falling in liquid showers to the earth, shall be s 
far reduced in temperature as to descend in snow.”* If th 
theory I am advocating is correct the great condenser thd 
exists within the Antarétic circle moved northward, anda 
it so moved the vapour to be condensed increased in qual: 
tity, for the reasons I have already given. It was prevented 
from falling in liquid showers, though it did not reach the 
earth as snow, but as ice flowing from the icy ridge that 
was fed and capped with snow. 

Air, as it rises, expands, and much of its heat ae 
latent, so that it is cooled according to a definite and se 
ascertained law. ‘Io speak popularly, there is an If 
haustible store of cold up above, available for glaciatne,’ 
it could only be brought down.+ ‘The vapour in the ve 
chilled when it rises to a great height through the abstra . 
of its heat by the expanding air. The vapour !s pe 
densed, and at high altitudes frozen, so that it falls as s 


* Heat as a Mode of Motion, p. 188. ; 
t I am indebted to Prof. Joseph Henry, of Washington, for this suggest 
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 \fost of this snow is again liquefied before it reaches the 
I earth by the higher temperature of the lower portions of 
the atmosphere it has to pass through. But if it be inter- 
cepted above, On a mountain range, it may accumulate there 
nnd feed glaciers that descend for thousands of feet below 
‘he snow-line. In its descent, in this form, only its upper 
surface is exposed to air, and we 

mass are preserved as in an ice-house. us, gla- 
pe be said to bring down the cold of the upper 
regions of the atmosphere, and the advance of a ridge of 
efrom the north and south into the temperate Zones, in 
the Glacial period, would. give us the machinery for doing 
his on a scale commensurate with the extent of the glacia- 
tion of the two hemispheres. 

According to this theory, the ice that reached the coasts 
of New Zealand and South America was not due to a great 
lowering of the mean temperature of these countries, but 
lowed down upon them, bringing with it the cold of regions 
thousands of feet above the sea-level and hundreds of miles 
tothe southward. The theories of local glaciation require 
amuch greater change of climate than this does, just as in 
the valley of Chamoinix a very considerable lowering of the 
present mean temperature would be necessary to cause ice 
to accumulate there, instead of flowing down to it from 
Mont Blanc. In all the treatises on the Glacial period 
that T have seen, the question sought to be answered is— 
“What causes would bring about changes of climate to 
allow perennial snow to accumulate on lands in temperate 
sions. Instead of this, I think the problem to.be solved 
What are the conditions that would cause ice to be 
up around the Ar¢tic and Antar¢tic circles, and gra- 
teh ons ie temperate zones, bringing down the cold 
pw ee r regions of the atmosphere as it progressed ? 
mn ot now attempt to answer this question, but occupy 
7 I have left in showing how such an advance of 

\plains the facts we have been considering in the 


7g hemisphere and some others in this part of the 


a pier of the ice from the Antarctic regions would 
‘See : y southward. The moist winds that fed it 
ieth-enat ¢ © north-west, and its progress would be to the 
ppd OWards its source of supply. And as the quan- 

ould be greater in some regions 
e irregular distribution of land 
Seenat ah northward, the progress of the ice would 
qual all around the Antarctic, but some parts would 
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be greatly in advance of others. In both New Zealand and 
Patagonia there are wide plains to the east and a cy 
indented with deep fiords to the west. It js ctl 
curious circumstance that we have similar faés of paca 
in two countries so far removed, unless they were due 
general and not to local causes: The advance of an ic. 
sheet from the south-east accounts for the Phenomena: the 
drainage of the eastern coasts would be obstruéed, whils 
local glaciers would form, or be greatly increased where they 
now exist, by the precipitation of frozen moisture from th: 
south-west winds when the mountains were raised by the 
lowering of the ocean-level, 2000 feet higher above the sy 
than they now stand. 

Excepting the formation of the plains, I do not knowd 
any evidence in South America of the advance of the ice 
upon the eastern coast; but in New Zealand Capt. Huttm 
has described an immense accumulation of clay containing 
angular blocks of mica-schist, many of large size, on th 
eastern or coast side of the Taieri Plain, and extending 
from the Taieri River nearly to Otakaia, a distance of about 
3 miles. This deposit is many miles to the eastward of any 
known extension of the inland glaciers, and Capt. Hutto 
ascribes its origin to an earlier glacier period than the las. 
He says that there is a similar mica-schist on the sea-coas 
at Brighton, but reje¢ts the supposition that they coull 
have come from thence, because ‘ many of the blocks at 
considerably above the highest level of the mica-schisi 
there, and there is no conceivable agency by which they 
could have been brought from there.”* The formation 0 
this morainic deposit, and the transport of blocks of mt 
schist inland, so difficult to account for by the extension 0 
local glaciers, is just what we might expect on the wee 
the advance of the ice from the south-east. No broken = 
have been found in this deposit, such as mark, in other He 
of the world, the drift left by glaciers that had crossed oceal 
beds ; but perhaps further examination may detect et 

It may be said, in regard to the formation © 
lakes of fresh water by the advance of such ae 
masses of ice upon the coasts, that the cold would be 


m to 
cient to freeze the lakes themselves and change 
masses of solid ice. But a minute's consideration © 


f the ice 
move this objection. The be South Ane 
ot, 


reached the coasts of New Zealan ; 
would be little, if anything, below the freezing-P% 


* Geology and Gold-Fields of Otago, P» 62. 
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ould be melting itself instead of freezing the water it came 
: ntact with. ‘There is no more reason for the lakes it 
oer being frozen than that the Manjalen Sea—which is 
formed in a similar way—should be so. 

The advance of the circumpolar ice-sheets in the form of 
low ridges, rising very gradually from their outer edges and 
wlminating at a height of perhaps not more than 8000 or 
10,000 feet above the present level of the sea, and then de- 
creasing in height towards the Poles again, in consequence 
of the moisture being precipitated on the outer slopes, is, I 
think, more in accordance with our experience than the 
usual form of the theory of ice-caps, which would make 
them highest at the Poles. ‘The latter supposition, it has 
been shown, is opposed to the facts that the ice flowed 
northward from the northern end of Scandinavia; that the 
high peaks of the Lofoden Isles are not glaciated; and 
especially that at the present time the northern end of 


Greenland is much more free from ice than the southern 


extremity. Whilst every inlet of South Greenland is occu- 
pied by ice flowing from the interior, and breaking off into 
great bergs when it arrives at sufficiently deep water, in the 
extreme north the glaciers do not reach the level of the sea. 
Andin the Glacial period, instead of there being more ice 
than now within the Arctic and Antarétic circles, there was 
probably much less. Within the ridge of ice that then, I 
think, irregularly encircled the southern hemisphere, and, in 
the northern, bridged across the northern ends of the 
Pacific and Atlantic Oceans, both plants and animals that 
could hybernate through the severe and long winters might 
have existed in greater abundance than now. Even now, 
in the Antarétic, behind the ridge of ice that surrounds the 
South Polar continent, it is possibile that there may be large 
areas of land free from ice in summer, and supporting a flora 
and fauna, which, if they could be studied, might throw 
_ cgi on the distribution of animal and vegetable life 
- e South Temperate zone. And were that barrier of ice 

*¢ passed a journey to the South Pole might be found to 


be less impracticable than one to the northern extremity of 
the globe, 


Whilst the 


hvsic 
ew Zealand ysical phenomena of the Glacial period in 


and South America are so similar, there are 
effect on the pre-glacial fauna that must be 
ugh there was great destruction of life 
lviduals of the great apterous birds of New 
was not the same extirpation of species as 
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352 Glacial Period in the ly 
in America, nor even so much as in Europe amongst the 
great mammals. Numerous bones of the moas are found j 
the stratified deposits of the plains, but the same tale 
reappear in the post-glacial surface-beds. ‘Their complete 
destruction did not take place at the same time as the 
megatherium and its associates in America, or the mammoth 
and the woolly rhinoceros in Europe, but must rather be 
correlated with that of the Irish elk and the Americar 
mastodon. The preservation of the large birds through the 
great vicissitudes of the Glacial period may have been owing 
to the following causes :—Long before the ice from the 
Antarctic reached the coasts of New Zealand, a great stretch 
of land to the north would be laid dry by the lowering of 
the sea-level, so that there was possibly. more space suitable 
for their occupation during the greatest extension of the ice 
than now. ‘The same lowering of the sea-leve! took place 
all over the world, and in South America a similar extension 
of land surface must have ensued; but there the new land, 
to the north of the districts glaciated or submerged beneath 
the waters of the great glacial lake, would be occupied by 
northern animals who would resist the immigration of those 
fleeing the catastrophes of the south. In New Zealand, 
also, there was not the same competition with smaller an- 
mals, which appears to have led to the extirpation of many 
of the bulky species of the continents during the changing 
conditions of the Glacial period. Had, for instance, New 
Zealand at that time become connected with Australia, the 
great extension of area thus obtained, instead of tending 
to the preservation of the moas, would have probably led 
to their extermination by bringing them into competition 
with the marsupials of the continent. but a channel, 
2600 fathoms deep, separates the two countries; and that 
there was then no land connection between them 1s 
denced by the absence of the gum-trees and acacias ° 
Australia from the flora of New Zealand, and of the marst 
pials, the cockatoos, the grass parroquets, and the pigedls 
of the former from its fauna. 

Although the large apterous birds of New Zealand wer 
not exterminated during the great glaciation ol the aan 
there are other signs of the impoverishment of its = 
About 200 species of beetles had been described shee 
and these belonged to no less than 110 genera, givin". 


ny o! 
average of less than two species to each Sete 
the species live also in Australia, or have nearly alle 


there. The great paucity of insects, the isolation > 
species, and their affinity with those of Tasman 
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‘. is probably due to a great destruction of the 
during. the Glacial period, and the arrival 
since of several from the countries to the north-west. I do 
not know how else some of the facts can be explained, such 
as that of there being only eight butterflies, and amongst 
these some of wide distribution ; and that of the Hete- 
roptera there are thirteen known species belonging to thirteen 
different genera and nine distinct families.* Such gaps as 
these in the fauna of a country are as significant as the 
erooved and polished surfaces of its rocks, and the naturalist 
may as surely point to the evidences of the Glacial period 
as the geologist. 

Mr. Wallace has also drawn attention to the large 
destruction of species of insects in the Chilian sub-region, 
evidenced by the great number of peculiar genera of beetles 
of extremely isolated forms, and I might multiply instances 
from the faunas and floras of southern lands, all tending to 
the conclusion that the southern hemisphere has been gla- 
- clated as much as, or more than, the northern; but I could 
not do justice to this phase of the question within the limits 
of this article, and I have only glanced at some of its most 
salient points with the object of indicating that the physical 
evidence of glaciation does not stand alone, but is strength- 
ened by that of the present distribution of animal and 
vegetable life. | 


* Capt. Hurron, Trans. New Zeal. Inst., vol. v., p. 227. 
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IV. RECENT ADVANCES IN TELEGRAPHY 
By J. Munro, C.E. 


F recent years the most important development of 
practical telegraphy has been the duplex system of 
sending messages. The idea of transmitting more 

sthan one message along a single wire at once appears first 
to have been conceived by M.: Zantedeschi, as early as 1829; 
but we may take it for certain that it was not until 1853, or 
about twenty-five years ago, that any serious attempts were 
made to carry it out in practice. From that time the atten- 
tion of ele¢tricians, both in Europe and America, has been 
directed to this interesting problem, but, until the last ten 
years, with so little success that in the 1867 edition of 
Sabine’s ‘‘ History of the Electric Telegraph ” we find the 
following sentence :—‘‘ Both these systems of telegraphing 
in opposite directions, and of telegraphing in the same di. 
rection more than one message at a time, must be looked 
upon as little more than ‘ feats of intellectual gymnastics’ 
—very beautiful in their way, but quite useless in a practical 
point of view.” 
Experience, however, shows that it is unwise to repudiate 
an electric novelty ; and since these words were written the 
duplex system of telegraphing in opposite directions has 
become the ordinary means of communication over thousands 
of miles of land-lines in England and America, and of sub- 
marine cables in Europe and the East ; while the multiples 
system of sending several messages in the same direction !s 
rapidly being brought into practical service by means Ace 
Meyer instrument in France and the telephones of Elisha 
Gray in America and La Cour in Denmark. Indeed, by 
future combination of the duplex and multiplex systems, . 
may yet have a single wire transmitting as many as twenty 
or more distinct messages, ten either way. “— 
In order to explain the general principle of dup ne 
counter transmission, it is necessary to be perfectly — 
with the ordinary method of simplex or simple pe f 
An ordinary telegraphic circuit invariably 
the battery or source of the electric current; the rs 
sending instrument, by which the circuit is opened or ¢ 
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and the current admitted into the line; next, the line or 
wire stretching from the Station A, where the message is 
sent off to the Station B, where it is received; and next, 
the receiving instrument at Station B, actuated by the cur- 
rent from the line, so as to give sensible signals. These 
parts of the circuit are all connecéted together, and at 
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Station A One 
nection with t 
Which ; 


pole” of the sending battery is put in con- 
he ground by means of an “ earth-plate,” 
while 3 Peerally an unoxidisable metal, such as copper ; 
oat ation B one “terminal ” of the receiving instru- 
connected, similarly, to an “ earth-plate there. 
setied the external Circuit for the sending battery 1s thus 
rough the line, the receiving instrument, and the 

2B2 


\ 

4 

% 

v 

| 

a | | 

4 

| 

| 
it 

‘ ‘ LS 

' ~ 

2 

> 

i 

| 


Recent Advances in Telegraphy. “July 
ik q earth. This circuit is only interrupted when the lever o; 
th handle of the key is up. At such a time, of course, no 

: current flows through the circuit. But when the sending 
if clerk depresses the key the circuit is complete, a current 


traverses the line, and a signal is received at Station B. 
Combined according to the Morse code, such signals make 
up the message. 

At first sight it seemed impossible that two messages 
could be sent, each in an opposite direction to the other, — 
| at the same time through the line. How was it possible 
Ms. that the messages could pass each other without interfering? 
1 If currents of equal strength were sent in opposite direc. 
bss. tions, would they not neutralise each other? In that case 
iit no current would traverse the wire at all, and what would 
H become of the messages? Yet it is precisely on the ground 
that two currents of equal intensity do eliminate each other 
that duplex telegraphy is accomplished. The feat has been 


i done, not by discovering or inventing a means whereby two 
at currents could pass each other in a wire without disturbing 
Wi | one another, but by ingeniously joining up the sending and 
a receiving apparatus at each end of the wire, so that the 
ni very interference of the currents, the one with the other, 
+ oe should cause the instruments to signal. 

a Such an arrangement was necessarily different from that 
i used in ordinary transmission, as described. There was 


| necessarily both a battery and a receiving instrument 
mt at each end; but the whole secret of the duplex system 
7 consists in the placing of the receiving instrument. All the 
Hef methods hitherto invented agree in this—that the receiving 
ie instrument at either end is so placed that currents leaving 
Be, the station where it is cannot cause it to signalise, whereas 
(i currents coming in from the distant station can. Again, 
tee should the currents leaving the station where it is be by any 
means stopped, this will have the effect of making It sig: 
nalise. In describing the leading methods we shall show in 
each case how these conditions were obtained. 

Dr. Gintl, a dire€tor of Austrian telegraphs, may wad 
garded as the founder of duplex telegraphy. Gintl, n 13) 
| described his system to the Academy of Sciences, a 
ie and practically tried it on the land-line between Viesse 
it Prague. Gintl’s original system is shown in Fig. I, e 

represents the arrangement of apparatus at Vienna a? ” 

Prague, with the line wire between. Here the ae = 

instrument is placed between the battery and the rae 
A) that, when the circuit is completed, by depressing the 


the 
Bi. the current flows through the receiving instrument into 
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line. With an ordinary instrument this current would pro- 
duce a signal, but it is essential for duplex working that the 
sending from a station should not affect the receiving instru- 
ment at that station. T herefore, in order to counteract the 
effect of the signalling current on the instrument, Gintl em- 
ployed a second smaller battery with its local or “ compen- 
sating” circuit, and whenever the signalling current passed 
through the receiving instrument into the line he also caused 
-acurrent from this second or compensating battery to pass 
in an opposite direction through the instrument, so as to neu- 
tralise or balance the effect of the signalling current. For this 
purpose the instrument was wound in opposite directions by 
two wires, one long and thin, represented by the full line, 
the other short and thick, represented by the dotted line. 
The long wire was in circuit with the sending battery and 
the line ; the short wire was in circuit with the small battery 
and the compensating circuit. A peculiar key having double 
points was used for sending, so that when it was depressed 
it closed both the line and compensating circuits. The sig- 
nalling current then rushed into the line by way of the long 
wire of the receiving instrument; but although it thus 
passed through it, it failed to make the receiving instrument 
signalise, because the current from the compensating battery 
passed simultaneously in an opposite direction through the 
- short wire. These two currents were accurately adjusted 

to balance each other in their effects on the needle or indi- 
cator of the instrument. The essential condition of having 
the receiving instrument so placed as to be undisturbed by 
the sending was thus fulfilled, while at the same time it was 


in circuit with the line, and therefore free to receive signals . 


from the distant Station. Gintl’s system had two serious 
defects :—In working the key in sending, the line was insu- 


lated for the moment when the lever was passing from the. 


earth-contact, e, to the battery-contact, b. And the com- 
pensating battery was found to spend its strength quicker 
than the signalling battery. The harm arising from the first 
ault was that the received currents did not get freely to 
me and were therefore “‘ broken up.” ‘The non-equiva- 
ee of the batteries, of course, destroyed the balance of 
Pha on the receiving instrument, and ‘“‘ false” signals 
ue to the sending were the result. 
te S plan, however, served as a stepping-stone to some- 
m4 etter. Herr Carl Frischen, a telegraph engineer of 
eset the year 1854, greatly improved it by making 
of w hl instrument differential,—that is to say, instead 
iNding it with two dissimilar wires, as Gintl had done, 
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he wound it with two wires as similar as possible, but in 
opposite directions. It is unnecessary, then, to employ two 
different batteries. It is sufficient to Split up the current 
from the signalling battery, sending one-half through one 
wire of the instrument into the line, and the Other half 
through the other wire into the compensating circuit, which 
in this case must be made exactly equivalent to the line 
This method of Frischen’s has been called the Differential 
Method. It was re-invented a few months later by Messrs. 
Siemens and Halske, of Berlin, and is therefore sometimes 
called the Frischen-Siemens method. 

Fig. 2 shows the arrangement of apparatus at either 
station. The receiving instrument is wound in opposite 
directions by two similar wires. The two adjacent ends of 
these two wires are joined to each other and to the lever of 
the key. The free ends are conneéted, one to the line, the 
other to the compensating circuit which—since it must be 
equivalent to the actual line—may now be called the 


WATER ANALOGY. 


Fig 3 


“artificial line.” It will be seen that on depressing the 
lever of the key to the battery-contact the current splits at 
the point where the wires of the instrument branch of, and, 
when the artificial line is electrically equal to the ao 
line, exaétly one-half will flow through the wire (drawn a 
into the aétual line, while the other half will flow throug 
the wire (drawn dotted) into the artificial line. These a 
halves will counteract each other’s effect on the needle, . 
the required ele¢tric balance will be obtained. Another ‘ 
vantage of this method over Gintl’s was that the yon ; 
is never absolutely interrupted while keying goes on; fhe 
has this defeét—that when the lever of the key rests be 
earth-contact e the line is direct “ to earth,” wheres - 
it passes from ¢to b the line is to earth through the _a 
line. Such a variance in the earth-contacts is attendee 
variance in the size of the received signals. athe 

A convenient means of elucidating the duplex a a 
in the case of the differential method, is furnished ¥ 
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water analogy. Let us suppose that Fig. 4 isa peculiarly- 
shaped water-pipe. The spoked wheels or vanes in the 
enlarged parts of the pipe are free to rotate, and represent 
the needles or indicators of the receiving instruments at the 
Stations Aand B. The long connecting-pipe, L, represents 
the line between these stations, and the short pipes, AL, 
stand for the artificial lines. Confining our attention to 
Station A, if we suppose that water at a certain pressure is 
admitted into the pipe at a, it will divide itself into two 
streams, one of which will flow over the vane into the pipe 
L, and the other will flow under the vane into the pipe AL, 
as shown by the curved arrows. If the pipes are so con- 
structed that these two streams are equal in force the vane 
will remain stationary, for they will balance each other’s 


WHEATSTONE BRIDGE METHOD. 
Dune 


4} Fig. 


= . it. But if by some means the stream flowing 
von | _ pipe L should be stopped, the balance on the vane 
vty disturbed, and it would be seen to rotate. Such 
ea hsp be produced by admitting a like stream of 
——. 0 the pipe by the orifice 6 at the other end. When 
etn 2 IS simultaneously admitted into the pipe at both 
a i Opposing streams in the pipe L stop each other, 
ditions both vanes move. Thus, when both 
mit water, both vanes move. thus arrive at 
Ee ny cases of duplex working. The first case 
shar di € station (say A) is sending a signal, while the 

‘on 1s not. We have seen that in this case the 
y admitted at A, and the vane there is mo- 
ut the stream which flows along the pipe L rotates 
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the vane B: thus a signal is made there. This COrrespond 
to Station A signalling Station B. The other case ‘yrs 
both stations are sending to each other. In this case " 
water is simultaneously omitted at both ends of the Di 
and both vanes rotate. This corresponds to both station 
signalling each other. Out of the distiné signals the 
message is of course made up. In duplex sending these ty, 
elementary cases are constantly recurring, owing to the 
pauses between letters and words. We have, for the sake 
of simplicity, considered that the sending current used 
each station is of the same strength and of one kind, either 
positive or negative. But in submarine telegraphy both 
positive and negative currents are used in sending, so that a 
third case has to be added to the above—namely, when 
Station A is sending a positive and Station B a negative 
signal. A little reflection will, however, show that this is 
merely a variety of the second case. It will be seen, too, 
that the principle still holds good when the batteries used 
at the two stations are of unequal strength ; for the effet 
will only change in degree. 

Immediately after the invention of the differential method 
there was a great deal of activity displayed in duplex expe- 
riments, both at home and abroad, especiaily in Germany 
and America. The system was even in practical operation 
on many of the Prussian land-lines, but it gradually fell int 
disuse, chiefly through the difficulty in maintaining the 
equivalence of the real and artificial lines, owing to imper- 
fect insulation of the wires. Some desultory progress was 
still exhibited here and there, however, showing that the 
idea was only in abeyance until circumstances were mort 


favourable to its development. The most noticeable of 


these improvements was the plan of putting the receivils 
instrument in the diagonal wire of a Wheatstone balance 
formed of the aétual line, the artificial line, and two a 
proportional resistances. This has been called the Wheat: 


stone Balance Method.” It originated with M. Maron, 0 


Berlin, in 1863. The arrangement of apparatus at each 
station is shown in Fig. 4. The proportional 
rv’, are usually made equal to each other, so that by 
principle of the Wheatstone balances the artificial line 9 
be made equal to the actual line. When this!s 80 te 
will be no effect on the receiving instrument placed her 
diagonal cd when the sending key is depressed and the ast 
from the battery admitted into the system. ba foe 
will divide itself at the point 6, and one-half wil cf 
the branch 7 into the real line, and so on to the 
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tation, while the other half will flow by the branch 7’ int 


the artificial line, and so to earth. Th 
. ese 
equal potential as they pass the points c pars being of 
surrent between them will flow through the di , no cross 
the receiving instrument. A balance = the mone and 
strument will be obtained, and the sendi 
station will not affect the r iv1 i ing at the home 
| eceiving instrument th 
sending at the distant station, however, will sti spied 
trol over the home instrument, for b th i still have con- 
line-half of the h las y the stoppage of th 
e home-sending cur 
disturbed g current the balance will 
rbed, and the home-receiving instrum 
We have already seen, by help of the ent will signalise. 
the case of the differential method, how 
station is sending a current only the at when only one 
at the station ‘tis sent to receives it receiving instrument 
stations simultaneously send that when both 
signalise. Th currents, both instr 
e water analogy can also b ns 
to elucidate the same results in this 
the real line and the artificial line t method by supposing 
streams of water flowing down o represent two equal 
tions are so arranged that he 
head of water (potential) at the 
same rate of fall of the level of th 
case, were a cross channel to be annels. In such a 
a mill-wheel placed in it, there wo id 
: it to turn the mill. But if Mh be no cross current 
ee, a Sluice-gate, the stream 2 ome means, such as 
back, then the level of c 
Th would set in towards d, turni would rise—a cross cur- 
ato sending at the the wheel on its way. 
x osing of the sluice. station is comparable with 
as don merican 
ooting. Stearns’s princi to place it on its present 
a peculiar ke ; pal improvements — 
earth through which permitted the line : 
ays to be ¢ 
condenser or constant resistan 
other j ce, and the addit 
SO nducti ion of a 
imitate the to the artificial line 
th Inés. Stearns appli nduction of the earth on long 
differential and Whe these improvements to both 
Ws their applicati atstone balance methods. Fi 
and-lines of on to the former. He f §- 5 
over 400 miles in lengtl 
ength the sudden static 


arge due t 
ot th’s j 
he earth’s induction caused a sudden “ kick” 


lalse sj 
ignal on t as 
counte he recelving instrument ; and in order to 


tract it and 
secure the perfect balance required, he 
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gave the artificial line an equivalent inductive 
produced a counterfeit ‘‘ kick” in the Opposite direttion 
the addition of the condenser. Stearn’s syste : 
a wide application in the United States. 


Capacity, and tele: 
| natl 
m has achieves coil: 
the 
cab 


STEARNS’S Key. 


Another successful duplex method on land-lines is that d 
Mr. G. K. Winter, of Madras. It is called the method 0 
opposed batteries,” and consists essentially of the “ differ 
ential method ;” but whereas in the latter the battery circu 
is only completed in the act of sending a signal, in the 
former the circuit is closed, so that the batteries at eat 
station oppose each other through the line. 

Stimulated by their successes on land-lines, both Winte 
and Stearns, as well as others, in 1873 began to turn thett 
attention to the far more difficult task of duplexing sub- 
marine cables. The marked inductive effect of tue eatl 
on a submarine cable—which resembles an a 
Leyden jar—greatly complicated the requirements 0 . 
balance. The electric signal travels through a cable i 
form of a wave, and is sensibly retarded by the earths™ 
duction. 

How to produce an artificial line which shou fe 
electrically equivalent to the a¢tual cable in all its : of 
on the current. This was one way of solving the pre 


al 
Another lay in finding some contrivance or eae re of ¢ 
ical or otherwise) which should counteract the : pois ‘ioc the 
prolonged induétive charge of the cable on the me But 


instrument, so as still to produce a balance. artifcl den 
As early as 1862 Mr. Varley had invented +. ae 
cable, for use as a circuit on which to test the worm's: 
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ilegraphic receiving instruments. It consisted of a combi- 

on of resistance-coils and condensers—the resistance- 
nis, of course, imitating the conductor of the cable, and 
the condensers ‘ts inductive capacity. Such an artificial 
sable is shown in Fig. 6. The condensers, or accumulators 


VARLEY’S ARTIFICIAL LINE. 


Rhucostit 


teFarth 


Fig 6. 


as they are sometimes called, are regularly distributed along 
the rheostat. The current is made to pass through the 
rheostat or resistance-coils to earth, as through the conductor 
ofacable, and in its passages it charges the condensers, 
which in this come to imitate the induction of the earth. 
Stearns made use of Varley’s artificial cable in his expe- 
ments in submarine duplex. He modified it to a slight 
extent by attaching all the condensers together at one point 
of the rheostat, and inserting resistances between them, so 
as to regulate the charges which they took up. For instance, 
as shown in Fig. 7, he would insert an adjustable resistance- 
coll between the rheostat and a condenser, and another coil 
between two condensers themselves. He had thus a means 


STEARNS’S ARTIFICIAL LINE. 


htheestat 
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Condensears 
Fig. 7 Earth 


the atifical i he charges of the condensers so as to bring 
ut experie ine, if possible, into harmony with the cable. 
“a sinpaaadlame shown that such a combination of con- 
sufficient] does not approximate to a cable 

y tor the purposes of pra¢tical duplex working on 
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long submarine cables. Nevertheless, by the help of 
devices above mentioned, it is probable that cables af - 
siderable length might be duplexed with an artificial * OL 
this kin’. As yet, however, this has not been accom is 
except experimentally. 
What is now known as Muirhead’s system is really tei 
first successful method of working submarine cables nt ¢ 
duplex principle. Mr. John Muirhead, jun., first patented 
this system in 1874, and since then it has been rapidly ln 
veloped and applied, chiefly by Dr. Muirhead and ¥, 
Herbert Taylor, C.E. The system includes both a noi 
artificial line, or model cable, and various adjustments 
devices for bringing the artificial line into close equivalene 
with the cable, and for perfecting the balance. Muirhe ii 
artificial line aims at complete equality with the cablea 4 
far as it can practically be done. Like a real cable, itisa 
intimate union of resistance and capacity, and is called a 
‘“‘ inductive resistance.” It 1s formed “ by taking two stig 
of tin-foil, and laying one over the other separated bya 
insulator, such as paraffined paper. One strip forms th 
conducting circuit of the artificial line ; the other formstk 
outer or induétive coating, and is connected to earth. Th 
current is passed through the conduéting strip, and expost 


MUIRHEAD’S ARTIFICIAL LINE. 


Cniducting 


throughout its entire length to the induction of the 4 
strip or sheet in the same way that the current the a 
duétor of a cable is subjected to the induction of a : 
“throughout its entire length.” This is shown 1 * 
where the arrows represent the local current esas 

the conduéting strip, while being at the same oe 
by the induction of the other strip, Or inducting-Pa 
is connected to earth. This model cable can ee i 
have the same resistance, capacity, and even lea re luc 
knot that the actual cable has, so that it may “i - 
equivalent to the actual cable. For very long nts," 


ever, and with such delicate receiving 
William Thomson’s “ mirror galvanometer 
recorder,” it is in general necessary to 


balance by means of extraneous adjustments. 
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wid, however, that the more nearly the model cable is made 
io equal the real one, the less needful is any other help. 
The use of such additional devices is, as we have said, to 
ounteract the “ kick,” or false signal, on the recelving in- 
¢trument, due to a want of perfect accord in the balance 
Hetween the real and artificial lines. r hus it will be seen 
ya reference to Fig. 4 that if there is any difference be- 
ven the rush of electricity into the cable at c and the 
uch into the artificial line at d, a momentary pulse will 
raverse the receiving instrument and jerk the needle; this 
will take place at every signal sent from the station. The 
needle thus “kicked” by the home sending is of course 
mnable to deliver the message from the distant station. It 
iscomparatively easy to get rid of the violence of the kick 
ndto reduce it to a slight jar or tremor, but it is a diffi- 
rut matter to eliminate it altogether. ‘This, however, has 
been practically achieved by Muirhead’s system. 

The principal device for obviating the ‘‘ kick” is to coun- 
erat its effect on the instrument by superposing an 
equal “kick” in the opposite direction. ‘This can be done 
y allowing a battery-current to flow for an instant through 


an extra coil of the receiving instrument. But it 1s gene- 
fally effected either— 


By connecting a condenser to the instrument, so.that a 
sudden inductive charge into it shall produce the kick 
required ; or— 

By using a “secondary battery’ (made of a series of 
plates of lead or of platinum in a weak solution of 
sulphuric acid) in the same way as the condenser ; or— 

By employing an induétion-coil and placing the primary 
circuit, somewhere, with the signalling-current, while 
the secondary is connected to the receiving instrument ; 
so that the sudden induced currents generated in it by 
each Signal-current may produce a “‘ counterfeit kick ” 
in the opposite direction to the real one, and so com- 
pletely neutralise it. 


hid 
wim But although these plans of neutralising the kick by an 


de 
one are doubtless serviceable, they intro- 
‘ca sceuhie cations into the balance which are to be avoided, 
practice. By the use of the indu¢tive-resist- 
to Simple but effectual adjustment which is 
perfe the kick is praétically reduced to mil, and 
ance obtained, so that constant sending in op- 
beautify! /ORS Can go on simultaneously with signals as 
a$ In the ordinary method of working. 
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Muirhead’s system was first experimentally tried, by F 
Muirhead and the writer, on the Marseilles to Bona (Ale i dur 
cable of the Eastern Telegraph Company, in 1875 ‘n sam 
following year it was established for the regular trafic BB ber 
the Marseilles to Malta section, and on the Suezto Aden prin 
Red Sea cable, which is 1460 miles long, and in an eledtid dow 
sense one of the longest of existing cables. Early in this ame St 
year it was established on the Aden to Bombay seGion , Mm Te 
cable of 1817 miles long. There are thus upwards ¢ sim 
4000 miles of this Company’s lines to India worked on th fam 2a 
duplex system, and it has been given out that the Compan 
hopes this year to apply it to all their cables. ) 

The duplex system of transmission is without doubt; 
great practical gain, since it doubles the carrying capatiy 
of a line, and makes it speak, as it were, with two tongua IN The 
With such facts as the above before us we can no lone MMM disti 
regard it as a “‘ species of intellectual gymnastics.” It has HM of b 
been brought at last to a serviceable issue, and bids fair t HM of F 
_ become a considerable public benefit. were 


QUADRUPLEX TELEGRAPHY. 


Very soon after Dr. Gintl, by his invention of the dupa i 7, 
system, had shown the feasibility of simultaneously transml Ha on. 
ting two messages counter to each other along one Wit Hi ¢,, 
electricians engaged their minds with the allied problems 
transmitting two messages simultaneously in the same : 
rection. And they were ‘not backward in foreseeing that by 
the union of both methods a system of quadruples tl 
graphy would be placed in their hands. On the a7th 8 The 
Odtober, 1855, Dr. J. Bosscha, jun., of Leyden, at — thre 
of the Royal Academy of Sciences, Holland, ar 
method he had invented for the simultaneous gory, 7 
messages in one dire¢tion along one wire, and bes 
pointed out that, by the union with it of the Frischen- ve 
duplex system, a means of sending four messages the | 
neously was provided. On the 31st of the ee Dil ies 
J. B. Stark, of Vienna, published his inethod 0 at { 


sending in the same direction, and concluded his caer" In } 
follows :—‘‘ With the method of double trans larit 
same direction we may also combine that of coun sit if wae had 
mission (gegensprechen), and hence arises the possi” relay 


simultaneously exchanging four messages find af 


tween two stations, which will, however, 
application in practice.” 
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Following Stark and Bosscha, other electricians in Europe 
during the following year invented methods for effecting the 
same purpose—notably Drs. Werner Siemens, Kramer, and 
Bernstein, of Berlin. All these early methods agree in 
principle, although they differ in detail. The problem of 
‘ouble transmission implies the use of two keys or sending 
instruments at one end of the line, and of two or more 
receiving instruments at the other. The use of two keys 
simultaneously involves four combinations of their action, 
namely 

1. When No. 1 is closed and No. 2 is open. 
2, When No. 2 is closed and No. I is open. 
3. When both are closed. 

4. When both are open. 


These four conditions of the key should give rise to four 
distinc eletrical conditions of the line, which are capable 
of being interpreted by the receiving relays. In the method 


of Bosscha, Kramer, and others, these ele¢trical conditions 
were, for— 


1. A positive current of strength 1 sent. 
2, Anegative current of strength I sent. 


3. A positive or negative current of strength 2 sent. 
4. No current sent. 


They were interpreted at the receiving end of the line by 
one polarised and two neutral relays. In the method of 
Stark, Siemens, and others, the electrical conditions were— 


i 1. A positive current of strength 1 sent. 
' 2. A positive current of strength 2 sent. 
3. A positive current of strength 3 sent. 
1 4. No current sent. 


~— were interpreted at the receiving end of the line by 


three neutral or unpolarised relays of different degrees of 
sensitiveness, 


cm tte of these early systems lay in part with the 
‘a de part with the receiving relays. When the keys 
the line-e’ worked there were momentary interruptions of 
was foun “pig in changing from one contact to another. It 
at their Po € a difficult matter to keep the three relays 
degree of sensitiveness in Stark’s system. 
larity in ey System the sudden reversal of magnetic po- 
ad the « egy relay, caused by the reversal of currents, 
telay. These ene up the signals of the neutral 
overcome had “ culties, however, might all have been 
“kicks” due not been for the additional disturbances or 

‘Sue to the static induétion of the line. These 
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QUADRUPLEX TELEGRAPHY. 
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Fig , 9. 
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proved fatal to the early duplex systems, and although there 
was up till 1865 considerable ingenuity shown, nothing 
practical was done in double transmission. _ ‘ 

The recent revival of duplex, however, again revived the 
hope of double transmission and of quadruplex. In 1872 
Mr. Stearns made duplex a practical success by applying 
the condenser to the artificial line, and thereby overcoming 
the “kicks ;” and in 1874 Mr. T. Alva Edison, of Newark, 
New Jersey, and Mr. G. B. Prescott, while testing Stearns’s 
system, invented the first practical system of quadruplex. 
Itwas worked, in the same year, on the New York to Boston 
line, a distance of 240 miles. Since then it has been intro- 
duced on several long lines in the United States, including 
the line from New York to Chicago, which is_ nearly 
1000 miles in length. Onthis line there is a “‘ repeater ”’ 
at Buffalo. The speed of working is about 120 words a 
minute, 

The basis of Messrs. Prescott and Edison’s quadruplex 
system is the ‘“‘ Wheatstone bridge”’ duplex system. With 
this is united their system of double transmission, which 
resembles the early method of Bosscha, but differs from it 
inmany important points. “Io understand their system it 
Is only necessary to consider their plan of double trans- 
mission, since we know that the mere duplexing of this 
atrangement ensures quadruplex. The combination of cur- 
rents produced by the two keys are for— 


I. A positive current of strength 1 sent. 

2, A negative current of strength 3 or 4 sent. 
3. A positive current of strength:3 or 4 sent. 
4. A negative current of strength x sent. 


od IS a practical advantage in this system over the 
cae In the greater disparity between the different 
O interpret these currents a Siemens polarised 
ans a neutral relay are used. The neutral relay will 
are either positive or negative, provided they 
is rela an strong. ‘The currents sent by 2 and 3 work 
on the 4 ind . polarised relay depends for its working only 
Degative eure. the current, not on its strength. Thus a 
avainst its beck keeps the armature or tongue of the relay 
Whereas a ack Stop, thereby keeping the local circuit open, 
local thew” current causes the tongue to close the 
—° relay therefore works with 1 and 3 
terjer presents the arrangement of the keys and bat- 


“Sending. ABc is the Wheatstone bridge,” with 
OL, VII. (N.S.) 2C 
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the bridge wire BC, in which the receiving relays are laced 
K, and k, are the signalling-keys. B, and B, are the b ' 
teries. K, is an ordinary ‘“ single-current ” key 
function is simply to add or take out the battery calines 
K, is a *‘ double-current ” key. When in its position of re 
as shown, a negative current of strength 1 continually flows 
to line from the — pole of B,, through the Spring s, and{ 
This negative current is too weak to close the neuted 


receiving relay, and it is of the wrong kind to close th 


polarised relay. When, however,— 


Case 1, this key is closed, the positive current from B 

_ flows to line through the spring s, and #,. It is too weak 

to close the neutral relay, but it closes the polarised 
relay. 

In Case 2, when Kk, is closed and k, is open, the + pole oi 
B, is to earth through ¢, and springs s, and s,, while the 
— pole of B, is to line through s and ¢. Thus both 
batteries act conjointly, and a negative current of tripl 
strength flows through the line. ‘This has the effec o 
closing the neutral relay and leaving the polarised relay 
open. | 

In Case 3, similarly, it will be found that a positive cur 
rent of triple strength enters the line. This closes both 
relays. 

In Case 4, when both keys are open, as shown, the — pol 
of B, is to line, and a negative current of strength! 
flows. It has the effect of keeping both relays open. 


Fig. 10 represents the arrangement of receiving relay 
with their local circuits. R, is the polarised and R, th 
neutral relay. The local circuit of Rr, is made up of a local 
‘sounder ” and actuating battery ; that of R, is made up® 
a local relay battery and ‘‘ sounder.” The addition ol 
local relay is to overcome the defect experienced in the a 
systems of the breaking-up of signals in the neutral re 
due to sudden reversals of current in the line. A little . 
sideration will show that the current may be reversed pn 
line by the key k, while a signal is being made on Kx. iat 
reversal of polarity in the relay involves an inane 
moment of no polarity, during which the tongue 4 WY 
away from its contact. ‘This causes a break in 
made by the local sounder. ‘The intervention © 9 ‘ 
relay, however, was found to delay the action of “< : 
so that this interval of falling off could be bridge ‘else 
to speak. On long lines the static induction, pbeot 
the change of polarity in the relay, extends this in 
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much that the local relay no longer avails, and recourse 
must be had to another device. This consists in adding a 
erived or loop circuit to the bridge wire, consisting of a 
condenser, c, electro-magnet, 71, and adjustive resistance, 7. 
The electro-magnet is set so as to act upon the other end of 
the tongue of the neutral relay, as shown. In this way, 
when a change of current takes place, the discharge from 
the condenser through mm serves to keep the tongue in its 
place until the critical time is past ; 7 is merely for adjust- 
ment. By these ingenious contrivances Messrs. Prescott 
and Edison have rendered their quadruplex system a prac- 
tical success. Within the last few years other systems, 
more or less similar, have been devised, but as yet theirs is 
the only one of note. 


TELEPHONIC [ELEGRAPHY. 
a. The Tone Telephone. 


The last five years have seen the practical development 
of this interesting branch of telegraphy. For many years 
back attempts have been made to transmit musical tones 
orarticulate sounds to a distance by means of electricity, 
but the results were at best only hopeful until, in 1860, Herr 
Phillip Reis, of Homburg, profiting by the researches of 
Wertheim, Marian, and Henry, invented the first telephone. 
In Reis’s telephone a stretched membrane is set into vibra- 
tion in unison with the sound to be transmitted, and, by a 
little contact-piece which it carries, this vibrating membrane 
is caused to interrupt the ele¢tric current circulating in the 
line. The current so interrupted is utilised at the distant 
ang to produce a sound similar to the original sound at 
ee or sending Station. ‘T’o produce such a sound Reis 
a use of Page’s discovery, that an audible “click ’’ ac- 
= oe the demagnetisation of a bar of iron inserted in 
helix. He surrounded an iron wire 
art ie and caused the interrupted current from the 
bien bi lon to pass through the helix to earth. At every 
sound was given out by the iron core, 
sich an ak elect of these reproduced a note of the same 

at the sending station. 
y; the telephone only acquires spe- 
transmission sh €n it is regarded as a means o! multiplex 
small advanta Single message by telephone can have 
telephone s¢ over the ordinary methods; so Keis’s 

} Was neglected as a kind of scientific curiosity. 
2C2 
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Ten years later, in 1870, Mr. Cromwell Fleetwood Vay 
F.R.S., appears to have first clearly designed the employ 
ment of the telephone in the transmission of several al 
sages simultaneously on one line wire, by means of Separate 
notes. Varley’s patent of that year is full of most Ingenious 
plans and contrivances, not only for the sending and re. 
ceiving of telephone messages, but for rendering the vibrato 
electric signals visible, both temporarily, by light, and per- 
_manently, by recorded marks on moving paper. The prin. 
ciples of later inventions are to be found here, and ever 
some of the details. But Varley seems to have left the 
carrying out of his system in abeyance; and the merit of 
practical success belongs to the systems of M. Paul la Cour, 
of Copenhagen, and Mr. Elisha Gray, of Chicago, 

The principle of all these systems is that a vibrating body, 
such as a tuning-fork or membrane, emitting a certain note 
shall be caused at each vibration to interrupt an elettne 


current in the telegraph line ; and the current so interrupted 
shall, at the distant station, be made to set a corresponding 
body in vibration, so as to reproduce the original note - 
Of course it is possible, by having a number of — 
the sending station and acorresponding number of vibrato 
in unison with them at the receiving station, to git rise 


lectric vibration 


simultaneously to several distinét sets of e 
notes a 


in the line wire, and to reproduce several distinct “ 
the receiving station. In this way is multiplex transml 
rendered feasible. afl 
M. Paul la Cour’s English patents bear date I ae 
1876. Briefly, his system is as follows :-—Fig. a sl 
his sending arrangement. Fis a tuning-fork w F nw 
into vibration, and makes contact once every a a 
the contact-point p. The fork is connected, 
signalling-key, with the sending-battery, and the 


gh, e the fork is sit?! 
point P is connected to the tine. Her “4 his later put 


shown, and must be started by hand ; but 
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.laCour provides, by means of electro-magnets, that the 
fork shall be maintained constantly in a state of vibration. 
Ineither case the current sent into the line by depressing 
the signalling-key is interrupted by the fork an equal number 
of times per second that the fork vibrates. This intermit- 
tent current traverses the line to the distant station, where 
it is passed “‘to earth” through the receiving apparatus 
shown in Fig.12. This consists of a fork similar to the 
frst, and vibrating the same note. Each leg is surrounded 
byahelix of wire. ‘Two other helices are placed upright, 
one on each side of the ends of the legs; they are fitted 
with iron cores, and adjustible poles, 2, s, and are in fact 
electro-magnets. These four helices are joined up in series, 
so that the line-current passes through each in turn. It 


Law 


Focal Grea, 


ais 


Fig l2 . 


oe oppositely the legs of the fork, which are at- 
The y contiguous poles of the ele¢ctro-magnets. 
mi * of the fork are thus pulled apart, and let go with 
we Pulsation of the intermittent current. In this way the 
's put into audible vibration. 

“a 2 vibrations are also turned to the actual recording 
siecle oad Mee In permanent marks, by means of a local 
. eee orse or other recorder. A fine metal point, p, 
ork vike Seip near to one leg of the fork, so that when the 

ates this leg comes into contact with the point, and 


com 
8 pice the local circuit through the fork, local battery, 
€cording instrument. 


‘44 Cour’s first im 
expe w 
on a short line j periments were made in June, 1874, 


Ovember of 


n the neighbourhood of Copenhagen, and in 
the same year he succeeded in working 
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successfully from Fredericia, in Jutland, to Copenh . 
distance of 390 kilometres. 

Mr. Elisha Gray’s first English patent bears date of 18 2 
a few months before M. la Cout’s; but in it there jg : ‘ 
mention of multiplex telegraphy. Subsequent patents : 
1875 and 1876, describe the development of his system an 
its application to multiplex signalling. His principal me. 
thods of sending are represented in Figs. 13 and 14, In 
Fig. 13 the vibrator is a tuning-fork or reed, R, placed 
between two electro-magnets, A and B, which canbe aé- 
justed by the screws D and G to or from the reed, 80 as to 
have greater or less power over it. The reed is barbed with 
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Ty 


Je B. allery 


two short springs, which play against the adjustible contatt 
points a and b, making contact with them alternately as tht 
reed vibrates. The reed is perpetually maintained i . 
bration by means of a local battery and the electro-magm 
in the following way :—The local battery 1s connes ‘ 
as shown, through the ele¢tro-magnets and the fixe i 
of the reed. When the reed vibrates so as to make ee 
by means of its spring, with }, and break contatt bye 
the ele¢tro-magnet A is in circuit and actuated by the it 
rent, while the magnet B is cut out of circuit by the § 
circuit wire w. The magnet A therefore exercist af 
upon the reed R, which assists the reed in vibrating 10 
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+ and breaking contact with 6 while making contact with a. 
This, while keeping the electro-magnet A still in circuit, also 
puts the magnet B in circuit. In this way the electro- 
magnet B is alternately thrown in and out of circuit, and 
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the effect of this o 


reed, thus ke 
Ocal battery, is use 
Current. The sen 


n the reed is to keep up its vibration. 
pt vibrating by the eleCtro-magnets and 
d to interrupt the line circuit and sending 
ding battery is conne¢ted up, as shown, 
alling-key to the reed, and by the reed- 
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spring and contact-point a to the line. At each vibration. 
the reed the contact between the spring and Pio 
broken, and the circuit opened and closed. Whenever the 
signalling-key is depressed, therefore, an intermittent current 
enters the line. 

Mr. Gray also procures the intermittent current by means 
of a vibrating bar or string, as in Fig. 14, where Ais a thin 
steel bar stretched by the screw s, and carried by a fixed 
metal bar or frame, B. The bar A vibrates between upper 
and lower contact-points, c, d. MM are two electro-magnets 
whose poles are let through the bar B, so as to act upon the 
vibrating bar. pp are pillars supporting the whole. In 
this arrangement a local battery is also employed to set and 
maintain A in vibration: this is done, however, in the at 
of signalling. On closing the signalling-key the local cur. 
rent passes to the upper contact c, against which the bars 
rests. From thence it passes, by means of the bar and 
wire W, through the magnets M M, completing its circutt 
These magnets then attract the bar downwards in its 
middle, plucking it away from contact with c, and bringing 
it into conta¢t with d underneath. The local circuit being 
thus broken, however, the bar springs back again into con: 
tact with c, to be plucked down again as before. In this 
way the bar is started vibrating. ‘The line circuit is mate 
through the lower contact d, the bars B and a, and the 
pillar p. At every vibration of the steel bar A it 1s ite 
rupted, and an intermittent current set up in the line. 

In both of these methods the number of intermissions 1 
the line current will correspond with the number of vibra: 
tions of the vibrators. By employing in the first eg 
reeds of different pitch, and in the last bars or strings ° 
different dimensions and tension, distinét intermittent clr 

rents will be produced. at 
principal receivers for interpreting these in 
distinct audible sounds are represented in Figs. 15 an 7 
In Fig. 15 M is a double electro-magnet supported se 
resonance pipe closed at one end. ‘The soft-iron ay 
of the electro-magnet, #7, is rigidly fixed to one 
the other end being free to vibrate in front of the ot hie 
at T. When the intermittent current from the line a : 
through the ele¢tro-magnet the free end of the oy mn 
tongue is set into corresponding vibration, an with i 
column in the resonance box, vibrating in unison _ 
gives out an audible note. It is easy to see ROW el 

h as describe) 
ploying a number of separate transmitters, su¢ line cutteah 
to superimpose separate intermissions 1 the lune 
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and passing the complex current so produced through as 
many separate receivers of this kind, that each receiver will 
only respond to its own particular set of intermissions. 
Ror the sounding-pipe of each receiver can be so constructed 


Fig 15. 


as to resound only to the vibrations set up in the tongue by 
a particular series of intermissions. In this way several 
distinét notes may be simultaneously telegraphed, each note 
being used for a separate message. 

The receiver shown in Fig. 16 has been called the “ phy- 
siological receiver,” since it depends. for its action on the 


idl 


Earth 


contact of living animal tissue with a conduéting surface. 


eh dae interesting of the two, because its action has 
rom th :- been explained. If the intermittent current 
* line 1s passed through the tissue to the conductor, 
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the corresponding note is faintly audible. To intensify the 
effect the line current, in practice, is simply Passed to earth 
through the “ primary,” p, of an indu@tion-coj] and th 
more intense secondary current is used. In the figure Big 
a hollow wooden resonance-box, with a bulging zinc face b 
This box is carried by a metal axle, A, supported by asstand 
S: it is rotated by turning the handle, E. The zinc face js 
connected by a wire, w, to the axle; /h is merely an air-hole 
in the face of the box. One end of the “ secondary coil 
S, is connected by wire to the metal axle at the terminal. 
the other end is connected to a bare wire held in the one. 
rator’s hand, as shown. The operator lightly presses a 
finger of this hand cn the zinc face, while with the other 
he rotates the box, and the dry rasp of the skin on the zinc 
surface is changed into a musical note whenever the current 
passes. 

Like M. la Cour, Gray also provides that the vibratory 
current shall close a local circuit and record the message in 
permanent marks, by means of a Morse or other recording 
instrument. For this purpose he employs a receiver similar 
to the string-transmitter shown in Fig. 14. The line cur 
rent, passing through the magnets of this instrument, sets 
the tense bar in vibration against the upper contact ¢, thus 
closing the local circuit and actuating the local recorder. 

Mr. Gray’s apparatus is now successfully operated over 
more than 2400 miles of the Western Union Telegraph 


Company’s lines, including distances of several hundred _ 


miles. As many as four, and even eight, messages alt 
simultaneously sent. Both he and M. la’ Cour are stil 
engaged in perfecting their apparatus, and we may reason- 
ably expect that the telephone will ere long do good servic 
as a practical telegraph. 


b. The Articulating Telephone. 


This ingenious little instrument is the most wonderful of 
all the forms of telephone, and the latest, as it rer 
greatest, to use the words of Sir William Thomson, 0 ; 
the marvels of the electric telegraph.” Its peculiar faculty 
lies in the transmission of promiscuous sounds. Not = 
does it convey the blended notes of musical instrum , 
but it actually reproduces the human speech. It 1s nt 
see how an instrument like this will become practic ; 
useful. For domestic or commercial purposes, for ag 
of lectures and speeches it is especially fit. It “nig 
advantage of quickness over ordinary methods of telegrap 
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in these, each letter of a word is on an average composed 
of three distinct signals ; but in the articulating telephone 
, whole word is transmitted by the single act of uttering it. 

Mr. A. Graham Bell, the inventor of this now-famous 
instrument, is, we believe, a native of Edinturgh, and is 
now a Professor of Boston University, and a naturalised 


= 


SLT 


Citizen 
it in td United States. In December last he patented 


€ articulatin 


tatus, a sender § telephone consists of two distin@ appa- 


sender, and Fig and a receiver. Fig. 17 represents the 
‘imple, Inthe 


18 the receiver: they are both exceedingly 
Sender, M M are two coils of insulated wire 
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surrounding the two poles of a powerful permanent magnet 
These coils are connected up together, and to the terminal 
tt, on the mahogany stand s. Immediately in front of the 
poles of a magnet is a membrane stretched on a ring, R. 
This membrane carries an oblong piece of soft iron cemented 
to it just opposite the poles of the magnet. A suitable 
acoustic cavity, or mouthpiece to speak into, 0, fitted with 
three screws for tightening up the membrane, complete the 
apparatus. The sender speaks into the mouthpiece in ay 
elevated voice, and the membrane, vibrating in unison, 
carries the piece of soft iron—which is really a movable 
armature—to and from ‘the poles of the magnet. This has 
the effect of inducing a magneto-elec¢tric current in the coils 
of wire, MM, which are connected up to the line. The 
strength of this induced current varies continuously, “as 
nearly as may be, in simple proportion to the velocity of a 
particle of air engaged in constituting the sound.” lt 
travels along the line, and passes through the receiver at 
the distant station, evoxing there the sounds which gave 


Nig .18. 


rise to it. The receiver is even more simple than the sender, 
and its action is the reverse. It consists of a tubular electro: 
magnet, m, encased in iron to concentrate its powél as - 
as possible on the circular disk armature, 4, which is s0 -s 
as to be free to vibrate over its cavity. It is connette . 
in circuit with the line by the terminals shown. a 
duced current coming from the sending station passes vd 
the coil of this ele¢tro-magnet, and sets the thin or vat 
ture into sonorous vibrations, which are distinétly and ¢ 
heard as a reproduction of the original sounds. b Ase 
In his address to the physical se¢tion of the Britis + 


ciation at Glasgow last year, Sir William Thomson 
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related his personal experience of this speaking telegraph at 
the Centennial Exhibition, Philadelphia. In the Canadian 
department I heard ‘To be, or not to be . . . there’s 
the rub,’ through an electric wire ; but scorning mono- 
syllables, the electric articulation rose to higher flights, 
and gave me passages taken at random from the New York 
newspapers : ‘S.S. Cox has arrived’ (I failed to make out 
the s.s. Cox); ‘The City of New York,’ ‘Senator Morton,’ 
‘The Senate has resolved to print a thousand extra copies,’ 
‘The Americans in London have resolved to celebrate the 
coming Fourth of July.’ All this my own ears heard 
spoken to’me with unmistakeable distinctness by the then 
circular disc armature of just such another little electro- 
magnet as this I hold in my hand.” Since then, Professor 
Bell has been perfecting his apparatus, and we find, on the 
authority of the ‘‘ Scientific American,” that he has recently 
achieved even more remarkable success. Ata lecture which 
he delivered at Salem, Mass., a reporter of the ‘* Boston 
Daily Globe” sent a verbal report of the lecture to the office 
of his paper in Boston, eighteen miles distant, by means of 
the telephone. Those reciving the message at Boston even 
heard, from time to time, the applause of the audience 
attending the leCture. From the platform Professor Bell 
spoke to his associate Mr. Watson in Boston. The latter 
then sent a telegraph message in musical notes, and also a 
tune from an organ, which were distinétly audible to the 
audience. On being asked for a song, Mr. Watson complied 
with “Auld Lang Syne,” and finally made a speech, the 
words of which were heard by all present in the hall, as the 
applause testified. Mr. Watson then returned thanks, and 
the meeting ended, we are told, by those at Salem joining 
in the national anthem, ‘‘ Hail, Columbia,” with those at 

oston. In view of these striking facts, it is hardly going 
‘00 far to anticipate the time when, from St. James’s Hall 
mn acentre, Mr. Gladstone will be able to speak to the ears of 

‘whole nation, collected at a hundred different towns, on 

ey atrocities, or some other topic of burning interest. 
m Le ao despair of seeing Herr Wagner from his throne 
whe age » dispensing the “music of the future” in one 

ay concert to St. Petersburg, Vienna, London, New 

in short, to all the musical world at once. 
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V. ON THE PRESENT CONDITION OF cuHip 


>HOUGH Chile has only had a settled Government for 
> some twenty-five years, the country has now beey 


autonomous for about half a century, and it wil 
therefore, not be uninteresting at the present. time to con: 
sider briefly the results which have been achieved in tha 
limited period. With this end in view we propose in this 
paper to abridge some notes from an exhaustive report, re- 
cently furnished to the Foreign Office by Her Majesty 
Secretary of Legation at Santiago de Chile, on the progress 
and general condition of the Republic—a report which 
reflects great credit on its writer, and, apart from a few 
defects in the arrangement of its details, is one of the most 
complete that we remember to have met with in a long 
experience of such like documents. 

We need not. dwell at great length on Mr. Rumbold’s 
introductory remarks on the geographical position and phy- 
sical configuration of the country, for they are more or less 
familiar to all; but we may mention that Chile claims to 
extend from the 24th degree of southern latitude to Cape 
Horn, with a coast-line ranging over 2000 miles, the greater 
part of her territory—from the province of Aconcagua 
southwards—being describable as one broad valley runnin; 
due north and south, with narrower lateral and intersecting 
valleys, each of which rises step-like above the other to the 
foot of the giant wall of the Andes. However genial the 
climate and fertile the soil, the extent of land available for 


cultivation is necessarily limited by the large proportion of 


hills and rocks, and by the extensive desert tracts. of the 
northern distriéts. At the same time the natural declivt) 
from the mountain to the ocean, distinctive of the ae 
country, as well as its inconsiderable breadth aie 
much exceeding 120 miles), greatly facilitate communist 
with the coast at all points. It is thus marked out by 
for easy exportation of its own produce, and 1s equally i 
venient of access to the sea-borne produce of other — 
The Chileans would therefore seem destined to become “ 
an important agricultural and an important rset 
maritime community—points of resemblance with pr 
which they no doubt include in their claim to be _ es 
“the English of South America.” Mr. Rumbold do 
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to make any attempt at a — of 
Chile, but briefly classes 1t in the following three main 
nen large northern provinces of Atacama and Co- 
timbo, the former of which is almost entirely made up of 
deserts replete with mineral wealth. Its richest mines 
are to be found between Caldera and Meyillones de Bolivia, 
over a district covering 240 miles. Here are the silver mines 
of Puquios, Tres Puntas, Chanarcillo, Chimbero, and nu- 
merous others, and here, too, are the newly-discovered mines 
of La Florida. In this vast region every conceivable mine- 
ral product is found ; silver in abundance, and copper ; gold, 
iron, lead, nickel, and cobalt; not to mention great pampas 
or stretches covered with nitrate of soda, rock-salt, and 
borax, these latter being of recent discovery, and when 
analysed found to contain a large proportion of iodine. 
The great discoveries made at Caracoles—which, it may be 
well to note, is not in Chilean but in Bolivian territory— 
have somewhat diverted public attention from the mines of 
Atacama, but their wealth is none the less remarkable, and 
it will suffice to say of them that in the thirty years period 
1843 to 1873 they yielded over 200,000,000 dollars’ worth of 
mineral produce, or an average annual yield of about 
£1,320,000. The southernmost portion of the province (the 
department of Freirina) bears a different aspect from the 
lest, for it contains the Vale of Huasco, which is renowned 
as one of the best-cultivated distriéts of Chile, but upon 
which the desert is now said to be encroaching at an alarming 
rate. The department is, above all, the greatest copper 
distri&t in the world, and its rich mines of Carrizal are well 
— The province of Coquimbo, too, abounds in this 
al. 
2. The limits of the second, or central, division of Chile 
‘or be best marked by the Rio IIllapel, or Choapa, and the 
cv tata. It comprises the provinces of Aconcagua, con- 
sidered the garden of Chile ; Santiago, with the large and 
ee capital city of the same name; Valparaiso, with 
emporium of the South Pacific; 
a Fy alca, Maule, and Nuble. It is the heart and 
see € whole country, containing its largest estates and 
ad sp towns, yielding its most abundant produce, 
hae a the bulk of its population. It is distinétly 
wilder ate aS opposed to the mining north and to the 
| more pastoral south. | 
» OF austral, division of Chile, el Sur, com- 
according to Mr. Rumbold—at the Rio Itata, and 
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384 Present Condition of Chile, i 
includes the province of Con a 
of Arauco, and the provinese a Vai hoe: So-called proving 
Chiloé. This extensive region is b a 
only in part subdued, the greater tin peopled, an 
much of Valdivia and Llanquihué and 
of the independent aboriginal A in the bande 
them Galore the Concdest Tt tribes that held 
for stock-breeding and other sastoral 
includes latwe coal-fields. ‘Its mois but it also 
excellent soil, numerous and 
rivers, with banks clothed down to beaut 
mzval forests full of valuable timbe 
efore quitting thi : 
in the Straits of Magellan, which 
civilised community of the globe. The ms most southem 
on authority as peculiarly Reaithy - th Station is described 
of the whole year is 44°8° F.; t ‘4 ; € mean temperature 
of summer, 52°60 ; of autumn, 6 
44°0 ; and of winter, 358. 
ent now produces enough t i 
shores are covered with forests of is 
expected that a large a 
the River Plate: it likewise contains pr Paro 
and pe may not impossibly 
uture to the lace as ing-station; mi 
copper are said to cold pyre Rio de 
Mina to the north of the settlement; but the 8 of 
wealth more special to the colony are its cod-fisheries and 
trade in guanaco skins, and in ostrich skins and feathers 
In 1868 the population was 195, and in 18 3 
Census.—A 
‘i us.—According to the preliminary Report of the 
the population actually found in Chile o 
pril 19, 1875, numbered 2,068,424 souls, being an increase 
of 249,201, or 13°7 per cent, in ten years. The difficulty of 
counting a people thinly spread over an immense territory, 
and in many cases disinclined to help the persons charged 
with the operation, was such that the Census Commissioners 
think it safe to add at least 10 per cent for omissions, 
they accordingly put the total figure of the population @ 
rego Some curiosities of the census are worth noting. 
as ‘laenees, of the vague distrust with which the process 
egarded in many rural districts, it is stated that 3 
Conchali, in the department of Quillota, nearly all the 
peones, or labourers, on one estate lett their huts on the &' 
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of the roth of April, and took to the hills for refuge. At 
Romeral a similar exodus occurred, and only 500 inhabitants 
were found instead of at least 1200, known to belong to the 
place. The prevailing idea appeared to be that a forced 
Ieoge en masse was intended, or that the population was being 
counted with a view to the imposition of a poll-tax. As an 
‘lystration, on the other hand, of the little intelligence 
sometimes Shown in collecting the necessary data, it is said 
that in one distriét the enumerators positively refused to 
note down any children under nine years of age. ‘The 
number of foreigners in the country appears small when the 
large foreign trade is considered. The census puts them at 
26,528, chiefly resident at Valparaiso, Santiago, and the 
mining capital of Copiapd. In reality, however, the foreign 
element in Chile is much larger than it would seem to be, 
for all children of foreigners born in the country are ac- 
counted Chileans. These and the offspring of mixed mar- 
rages together produce a considerable admixture of foreign 
blood not without its uses in so young acommunity. It is 
worthy of note, too, that these half-breeds, as a ruie, show 
amarked attachment for the country of their birth. The 
census roughly estimated the independent Indian population 
at 44,000, 20,006 of whom are accredited to the debateable 
regions of Patagonia and Tierra del Fuego, and 24,000 to 
Araucania proper, but the last-mentioned figures are believed 
to be much below the mark. 
Education—The progress of late years in this direction 
has been not inconsiderable. In 1874 the Report of the 
Minister of Public Instru€tion showed that there were 806 
public elementary schools, in which 62,244 scholars of both 
_ were inscribed, and 478 private schools with 23,198 
“i a Altogether, therefore, there were throughout the 
a ig schools ; in which 85,442 children were as- 
© receiving some degree of education; the pro- 
‘po _ obtained being x scholar out of 4°94 children 
vt oe a age, or not far short of double what it 
before. The cause of general education 
Fees ad considerable attention at the hands of the 
tom what “gy vasa in the last twenty-five years, but, 
sen lene Bunks umbold states, it would seem that it has 
the count mly taken up by the more influential classes 
ble somes ty. This, however,—it is only fair to add— 
which is « eg in the stolid indifference of the peasantry, 
: Ch as a severe compulsory system could pro- 
ly alone overcome. 
a Office-—Closely allied to the development of education 
2D 
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are the postal statistics of the country, which may fitl 
claim a passing word. In 1852 71,168 letters, newspg "| 
and documents of all kinds passed through the me r 
twelve years, that is in 1864, their number had risen " 
4,375,405, while in 1874 it reached the figure 12,984,428, the 
increase in 1874 over the previous year being no less than 
1,748,500. In 1874 there were transmitted 141,897 tele- 
grams, for which 58,295 dollars were received, while, in 187s 
the number rose to 161,459, and produced 59,866 dollars, 
The Transandine telegraph line of Messrs. Clark, which has 
been working for some years, is an achievement of which 
any country might well be proud; the wires are conveyed 
across the mountains on stone pillars, and in the more ex- 
posed portions carried underground. | 
Public Revenue and Expenditure.-—The ordinary revenue 
for 1874 was £3,080,164, and the extraordinary revenue 
£52,180, ora total of £3,162,344, while the ordinary expen- 
diture was £3,431,017, and the extraordinary expenditure 
£1,070,735, or a total of £4,501,772. The deficit on the 
year was therefore £1,369,428, of which £897,692 were taken 
out of the loan contracted in England in the previous year, 
and theremainderwas met out of Treasury balances, and bya 
temporary advance from the National Bank of Chile. Inthis 
connection it may be remarked that the works of public 
utility undertaken in the last few years are of considerable 
magnitude, and though, for the most part, undoubtedly 
destined to be remunerative, the outlay incurred on them 
has sensibly disturbed the equilibrium of Chilean finance. 
For information respecting the Chilean loans, and the 
general indebtedness of the State, we must refer the readet 
to Mr. Rumbold’s Report. . 
General Review of Exports.—A gricultural.—The Chilean 
exports, with the trifling exception of a few local manulac: 
tures and misce!laneous articles, altogether not amounting 
to one per cent of the whole, are made up of the minins 


produce and the agricultural produce (raw and manipulate) 
of the country in nearly equal proportions. but a 
e 


a mining country that Chile is of absolute inter 
importance to foreign markets. 
A few notes with regard to the rise of Chilean wn 
will not be without interest. Up to the year oe ais 
grew little beyond what she consumed, and the pro pet 
of cereals was not looked upon as lucrative. The — ! 
of gold in California, in 1847, changed the whole i 
things. The exports in wheat and flour alone increast 
nearly fourfold in two years, and sevenfold in seven 
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happy state of things could not, of course last for long, 
and from various causes the trade with California col- 
lapsed as suddenly as it had arisen. The exports to 
that country which in 1850 had reached 2,445,868 dollars 
(upwards of 1,500,000 1n flour and wheat alone), and 
which made up nearly one-half of the entire exports for 
the year, had fallen to 275,703 dollars in 1855, and further 
fell to 178,484 dollars in 1858; the breadstuffs exported to 
Son Francisco in the latter year only amounting to the 
insignificant sum of 15,000 dollars., But at the very time 
when the Californian ‘‘ Eldorado ” was eluding the grasp of 
the Chilean producers, a fresh but likewise transient outlet 
was opened to them by the Australian gold discoveries. This 
trade only lasted from 1853 to 1859, but in 1855 the exports 
represented no less a sum than 2,698,911 dollars, of which 
2,541,092 dollars, or £508,000, was the value of the wheat 
and flour. Meanwhile equally remote and unforeseen causes 
were combining to assure to Chile a valuable and far 
steadier customer in Peru, which, in the last century sent 
wheat to Chile, and raised’ an abundance of grain, cattle, 
potatos, and other kinds of food, but had by degrees 
neglected her production, and taken to tropical husbandry, 
such as cotton and sugar-cane planting. The war in the 
United States for a time made cotton planting so lucrative 
as to turn Peruvian capital yet more in that direction. 
thus Chile, which from the first year of which her statistics 
lurnish any record, had supplied her neighbour with an 
average value of 250,000 dollars of breadstuffs, now found 
an outlet for five timesthat amount. ‘The general conditions 
of the trade with Peru have been completely reversed in the 


1 


ast thirty years, as will be seen from the following figures :— 


1845. 1863. 1874. 
Dollars. Dollars. Dollars. 
abe from Peru. . 1,474,880 701,297 1,947,770 
ports tos, 674,552 2,019,380 6,016,413 


= cvelopment of the export trade with England has 
to this - more surprising, for in 1874 the breadstuffs sent 
| had reached 6,457,945, the general exports 
figuring for 22,259,730 dollars. 
and a few <ports.—Passing over the trade in live stock, 
importan agricultural productions of comparatively minor 
ce, we must devote a brief space to the mineral 
he country. In the thirty years between 1844 
his amounted in value to the large sum of 
» from which, however, we ought to subtract 
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£4,082,195, the value of the i ‘ 
exported, that of the latter : in and guano 
The mineral exports doubled between 18 og 105,00 
from 3,618,987 doll 
2 ,987 dollars to 7,807,106), up to which last name 
year the mines of Atacama and Coquimb h yee 
partially worked. In 1857 they had doubl ry br 
have since gone on increasing in value, with s one GE 
but not in the same rapid proportion The seit co 
vince of Atacama, and, in particular, the distri@ of Coen 
from which nearly two-thirds of the Chilean a em 
duce are derived, is said to show of late natal a ¥ 
exhaustion. In the most northern district of thi rhe 
oe the group of silver mines known as La Florida 
se mines, which are of recent di | 
zone some twelve kilometres, 
accounts are of exceeding richness. At 
smelting works at Guayacan the monthly pads fy 
copper exceeds £60,000 in value; and of nearly e il 
importance are the smelting works at Lota, south of Con 
cepcion, nominally belonging to the Lota Coronel Compan 
but in reality the property of the Cousiio family. At Lol, 
too, the same family owns the largest coal mines as ye 
phe oso in Chile. Coal is found in many parts, espe: 
ior quality, and to the heavy cost of ex: 
n, the Chile coal must, for some years to come, 
compete at a great disadvantage with that brought from 
Great Britain at nominal freights by sailing vessels in ques 
of return cargues. ‘The value of the coal exported between 
1844 and 1873 was about £1,064,200. 
Concluding Remarks.—Mr. Rumbold not unfairly express¢s 
a hope that the observations contained in his Report wil 
convey the notion of a sober-minded, practical, laborious, 
well-ordered, and respeCtably-governed community, standing 
out in great contrast to the other States of kindred origi 
and similar institutions spread over the South-Americat 
continent. The blessings which Chile enjoys she owes to 
the pure traditions implanted in her administration by the 
founders of the Republic; to the preponderating share takel 
in public affairs by the higher and wealthier class; to ™ 
happy eradication of militarism ; to the nearly entire absea” 
of those accidental sources of wealth (gold, guano, ” 
nitrate) so lavishly bestowed by Providence on some of het 
neighbours; to the consequent necessity for strenuous 
labour rapidly repaid by a bountiful soil ; above all, perhér 
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to the neglect of her former masters, which, when she had 


vast off the yoke, drove her to create everything for herself, : 


and called forth exceptional energies in the nation. Most 
of these may be summed up in two words—work and shrewd 
sense (trabajo 1 cordura). 

Thanks largely to the natural advantages of their country, 
and not a little too to foreign—mostly English—energy and 
assistance, the Chilean people have now attained a remark- 
able degree of prosperity ; but Mr. Rumbold points out that 
they have of late shown signs of the intoxicating effects of 
good fortune, and this is exhibited in the fact that they are 
bent (the Government and upper classes setting the ex- 
ample) rather on decorating and beautifying their house 
than on setting it in more perfect order. A first visit to the 
city of Santiago, he says, cannot but be matter of agreeable 
surprise to an intelligent European; but after a more 
lengthened stay the ambitious growth and luxury of the 
town will probably seem to him out of due proportion to 
the power and resources of the country of which it is the 
capital, One is, indeed, scarcely prepared to find go miles 
inland, at the foot of the Andes, a city of some 160,000 in- 
habitants, with such handsome public bulidings, stately 
dwelling-houses, and exceptionally fine promenades. On 
this subject the reader will find, in Mr. Rumbold’s report, 
— further particulars of interest, to which want of space 
= precludes us from referring in greater detail. 

— — :—The opening years ot the century were 
the first tight of the shin whi daring the 
aad luxuries ee eru to that port with supplies 

. with the wants of a needy out- 
un. aa The same port saw close upon 3000 vessels 

atbours of the Retubi; . s traded in the year in all the 
that the vat public. Inthe same year it was reckoned 

value of the capital in land throughout the countr 

amounted to 666,000,000 doll 4 
While the lollars, or about £133,200,000, 
cial and ; rim al invested in banks, or in general commer- 
operations, might be safely estimated at 
the like these speak eloquently of 
ieee ane oy in the three-quarters of a century that 
advent of the cé men gathered on the beach to wait the 
hile might ase ship, and on the facts they reveal 
pathy, But of rest a claim to universal regard and sym- 

she can afford to rest that claim on far higher 
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grounds. She may fairly point to the pefectly pure, albeit 
somewhat dilatory, action of her courts of justice, the 
integrity of her administration, the general and willing 
obedience of her people to the law, and to the good sense 
of a community where men are content to busy themselves 
with their own concerns in preference to those of the State, 
and choose to live on the labour of their hands and brains 
rather than on the loaves and fishes of the public treasury, 
In these things Chile, adds Mr. Rumbold, stands nearly 


alone among South-American States, and accordingly should 
be classed apart from them. 


4 
4 4 P 
q 
4. 
Wee 
ee 
Te 
Hi 
| 
» 
{ 
' ‘ 
i” 
Pie 
att j 
oF 
aha 


1877. 


NOTICES OF BOOKS. 


Mesmerism, Spiritualism, Gc., Historically and Scientifically 
Considered. Being Two Lectures delivered at the London 
Institution, with Preface and Appendix. By Wi LtiAm B. 
CARPENTER, C.B., M.D., F-.R.S., &c., &c. London: Long- 
mans, Green, and Co., 1577. : 


Tut two letures which Dr. Carpenter gave last year at the 
London Institution were generally reported by the press and led 
to some controversy. They were then published in Fraser's 
Magazine; and they are now re-published with what are con- 
sidered to be piéces justificatives in anappendix. We may there- 
fore fairly assume that the author has here said his best on the 
subject—that he has carefully considered his facts and his argu- 
ments—and that he can give, in his own opinion at least, good 
reasons for omitting to notice certain matters which seem 
essential to a fair and impartial review of the whole question. 

Dr. Carpenter enjoys the great advantage, which he well 
knows how to profit by, of being on the popular side, and of 
having been long before the public as an expounder of popular 
and educational science. Everything he writes is widely read ; 
and his reiterated assurances that nobody’s opinion and nobody’s 
evidence on this particular subject is of the least value unless 
they have had a certain special early training (of which, it is 
ee generally understood, Dr. Carpenter is one of the few 
have convinced many people that what 
as t = bap be true and should therefore settle the whole 
ea ai A as another advantage in the immense extent and 
can rad 0 oe subject and the widely scattered and contro- 
its literature. By ranging over this wide field 
ceo ih and there a fact to support his views and a 
erg as his opponents, Dr. Carpenter has rendered 
aera — le to answer him on every point, without an 
a ag = and research that would be repulsive to ordinary 
ren Sama necessary therefore to confine ourselves to the 
snl the meeote questions, where the facts are tolerably accessible 
space sidasinns — be brought to a definite issue; though, if 
we should not 3, ere is hardly a page of the book in which 
sion, a8, for ex ee expressions calling for strong animadver- 
assertion at te e, the unfounded and totally false general 
reproach ol ol » that “believers in spiritualism make it a 
sion in favour of — of science that they entertain a preposses- 
of nature.” Ya € ascertained and universally admitted laws 
Particle of pr "pe general assertions of this kind, without a 

Proot offered or which can be offered, are alone suffi- 
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of the work: by 
r Comment Upon 


cient to destroy the judicial or scientific claims 
we have no intention of wasting space in furthe 
them. 

Dr. Carpenter lays especial stress on his chara 
and man of science in relation to this enquiry, 
assumption in his title. page and at the very co 
his preface. He claims therefore to review the 
giving full weight to the evidence on both sides, 
an impartial and well-considered judgment. He may, indeed, 
believe that he has thus acted—for dominant ideas are very 
powerful—but any one tolerably acquainted with the literature 
and history of these subjects for the last thirty years, will most 
assuredly look upon this book as the work of an advocate rather 
than of a judge. In place of the impartial summary of the 
historian he will find the one-sided narrative of a partisan; and, 
instead of the careful weighing of fact and experiment charac. 
teristic of the man of science, he will find loose and inaccurate 
statements, and negative results set up as conclusive against 
positive evidence. We will now proceed to demonstrate the 
truth of this grave accusation, and shall in every case refer to 
the authorities by means of which our statements can be tested. 

The first example of Dr. Carpenter's ‘ historical” mode of 
treating his subject which we shall adduce, is his account 
(pp. 13 to 15) of the rise of mesmerism in this country owing to 
the successful performance of many surgical operations without 
pain during the mesmeric trance. Dr. Carpenter writes of this 
as not only an admitted fact, but (so far as any word in his pages 
shows), as a fact which was admitted from the first, and which 
never went through that ordeal of denial, misrepresentation, and 
abuse by medical men and physiologists that other a5 
are still undergoing from a similar class of men. Yet 7 
Carpenter was in the thick of the fight and must know all seve 
He must know that the greatest surgical and a, 
authorities of that day—Sir Benjamin Brodie and Dr. yesant 
Hall—opposed it with all the weight of their influence, a4 . 
the patients of imposture, or asserted that they oo 
‘‘ naturally insensible to pain,” and spoke of the “= be 
Dr. Elliotson and others as ‘‘ trumpery,” and as ‘ pol Shall Hall 
temple of science.” He must know, too, that Dr. oo scl 

professed to demonstrate physiologically that P 
were impostors, because certain reflex-actions of the — oe 
he declared ought to have occurred during the epee cg 
occur. The medical periodicals of the day were Oper: 
a good summary may be found in Dr. Elliotson s pi tells us 
tions without Pain, &c.,’’ London, 1843. Dr. 
how his friends, Dr. Noble and Sir John Forbes, in! Oh ; 
and wrote in favour of the reality of the facts; but it pe at 
‘‘ historical ” to tell us this as the whole truth, yee nd eve 
years previously, the most violent controversy, aDUS*s 
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rsecution, had raged on this very matter. Great physiological 
suthorities were egregiously in the wrong then, and the natural 
‘nference to those who know the facts is, that other physiological 
authorities who now deny equally well attested facts may be no 
more infallible than their predecessors. 

Dr. Carpenter persistently denies that there is any adequate 
evidence of the personal influence of the mesmeriser on the patient 
independent of the patient's knowledge and expectation, and he 
believes himself to be very strong in the cases he adduces, in 
which this power has been tested and failed. But he quite 
ignores the fact that all who have ever investigated the higher 
phases of mesmerism—such as influence at a distance, com- 
munity of sensation, transference of the senses, or true clair- 
voyance—agree in maintaining that these phenomena are very 
uncertain, depending greatly on the state of body and mind of 
the patient, who is exceedingly susceptible to mental impressions, 
the presence of strangers, fatigue, or any unusual conditions. 
Failures continually occur, even when the mesmeriser and 
patient are alone or when only intimate friends are present; 
how, then, can the negative fact of a failure before strangers and 
antagonists prove anything? Dr.-Carpenter also occupies his 
readers’ attention with accounts of hearsay stories which have 
tumed out exaggerated or incorrect, and lays great stress on the 
“disposition to overlook sources of fallacy,” and to be “‘ imposed 
on bycunning cheats” which this shows. This may be admitted; 
but it evidently has no bearing on well-authenticated and care- 
lully observed facts, perfectly known to every student of the 
subject. Our author maintains, however, that such facts do not 
“the evidence for these higher marvels has 
tt a roken down when submitted to the searching tests 
Here the question arises, who are ‘trained 
study of these dele y ve : all the conditions requisite for the 
ean. he ate and fluctuating phenomena of the nervous 
t enquirers = igh the contrary, would only give that name 
very subje@. and hog experimented for months or years on this 

acquainted with all its difficulties. 
with the historic rae also physiologists it is hardly consistent 
evidence by in a and scientific method of enquiry to pass their 
tention te the I have already called Dr. Carpenter's 
own house, whe ase of the lady residing in Professor Gregory’s 

mesmerised at several streets distance by 

ithout her knowledge or expectation. This is a 


Piece of di 
i. ‘oa evidence of a very satisfactory kind, and outweighs 


made of “9g quantity of negative evidence; but no mention is 


“His (My. se the following utterly unjustifiable remark :— 


*nquiters, obyio 


ca utter failure under the scrutiny of sceptical 
ustly discredits all his previous statements, except 
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to such as (like Mr, A. R. Wallace, who has recently eXpressed 
his full faith in Mr. Lewis’s self asserted Powers) are read 

accept without question the slenderest evidence of the mr 
marvels.” (‘* Mesmerism, Spiritualism, &c.,” p, 24.) 
it be believed that this statement, that I “ place full faith al 
Lewis’s self-asserted powers,” has not even the shadow ot 
foundation. I know nothing of Mr. Lewis or of hi 
self-asserted or otherwise, but what I gain from Prof. Gregory's 
account of them; and in my letter to the Daily News,” im. 
mediately after the delivery of Dr. Carpenter's lectures, I referred 
to this account. I certainly have ‘full faith” in Professo, 
Gregory’s very careful narrative of a fact entirely within his own 
knowledge. ‘This may ‘be ‘the slenderest evidence” to D; 
Carpenter, but slender or not he chooses to evade it, and endea. 
vours to make the public believe that I and others accept the 
unsupported assertions of an unknown man. It is impossible 
adequately to characterise such reckless accusations as this 
without using language which I should not wish to use. Letus 
pass on, therefore, to the evidence which Dr. Carpenter declares 


(July, 


S powers, 


‘to be fitly described as ‘‘the slenderest.”’ M. Dupotet, at the 


Hotel de Dieu, in Paris, put a patient to sleep when behind a 


‘partition, in the presence of M. Husson and M. Recamier, the 


latter a complete sceptic. M. Recamier expressed a doubt that 
the circumstances might produce expectation in the patient, and 
himself proposed an experiment the next day, in which all the 
same conditions should be observed, except that M. Dupote 
should not come at all till half an hour later. He anticipates 
that the “ expectation ” would be still stronger the second tim 
than at first, and that the patient would be mesmerised. bu 
the result was quite the reverse. Notwithstanding every minut 
detail was repeated as on the previous day when the operalot 
was in the next room, the patient showed no signs whatever @ 
sleep either natural or somnambulic (Teste’s “Animal Ma 
netism,” Spillan’s Translation, p. 159). The ewer 
appointed by the Academie Royale de Medicine in 1826 sat 
five years and investigated the whole subject of animal re! 
netism. It was wholly composed of medical men, and 7 
elaborate report, after giving numerous cases, the following 
one of their conclusions :— “it 
“14, Weare satisfied that it (magnetic sleep) has been ex : 
under circumstances where those magnetised could not we 
were entirely ignorant of the means employed to pene 
These were surely “trained experts ;” yet they dec ont 
selves satisfied of that, the evidence for which, Dr. Ualp 
says, has always broken down when tested. 4. and a 
Baron Reichenbach’s researches are next discussed, ¢ 


me ap 
coolly dismissed with the remark that “it at ae shen 
parent to experienced physicians, that the w nenbact'st 


were subjective, and that ‘sensitives’ like Von Reic 
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feel, see, or smell anything they were led to believe they would 
feel, see, or smell.” His evidence for this is, that Mr. Braid 
sould make his subjects do so, and that Dr. Carpenter had seen 
him doit. One of them, for instance,—an intellectual and able 
Manchester gentleman,—‘‘could be brought to see flames issuing 
from the poles of a magnet of any form or colour that Mr. Braid 
chose to name.” All this belongs to the mere rudiments of 
mesmerism and is known to every operator.. Two things, how- 
ever, are essential—the patient or sensitive must be, or have 
been, mesmerised, or electro-biologised as it is commonly called, 
and the suggestion must be actually made. Given these two 
conditions and no doubt twenty persons may be made to declare 
that they see green flames issuing from the operator’s mouth ; 
but no single case has been adduced of persons in ordinary 
health, not subject to any operation of mesmerism, &c., being 
all caused to see this or any other thing in agreement, by being 
merely brought into a dark room and asked to describe 
accurately what they saw. Yet this is what Von Reichenbach 
For, in order to confirm the evidence of 
2 rs ives” first experimented on, he invited a large number 
oi his inends and other persons in Vienna to come to his dark 
room,.and the result was that about si.vty persons of various ages 
ra conditions saw and described exactly the same phenomena. 
Dr. Carpenter and the Fell f 
Imperial Botanic Garden : Chevali 'b 
levalier Hubert von Rainer, bar- 
, physicist ; Dr. Kagsky, Professor of 
Imperial N se ranz Kollar and Dr. Diesing, Curators in the 
po and many others. ‘There 
hoes ‘odd » Mr. Gustav Anschiitz, who could see the 
their various forms and combinations. 
planation applies t eally ask his readers to believe that his ex - 
illeed . S to these gentlemen? ‘That they all quietly 
the  t0 be told what they were to see, submissively said 
Y Saw it, and allowed the fact to be published at the ti 
out a word of protest on thei 
Me etumination of ti cir part from that day to this? Buta 
did not follow each oth e neposis of their evidence shows that they 
individuality of perec ike a flock of sheep, but that each had an 
etter than anothe. ae power, some secing one kind of flame 
submitted to them Bt ahem variety of combinations of magnets 
ey were to see” ered anything like suggestion as to what 
and wilful impost quite impossible, unless it were a deliberate 
posture on the part of Baron von Reichenbach. 
penter objects to the want of tests, and 
an electro-magnet, and not letting 
er the electric circuit which inakes ” 
the magnet wee complete or broken. How 
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far this test, had it been applied, would h 
objector, may be imagined from his entirely 
tests, many of them at least as good, which wer 
The following are a few of these :—Test 1. Von Reichenbach 
arranged with a friend to stand in another room with a “ 
wall between him and the patient’s bed, holding 2 pom 
magnet, the armature of which was to be closed or opened at 
given signal. The patient detected, on every occasion, whether 
the magnet was opened or closed. Test 2. M. Baumgartner, ; 
professor of physics, after seeing the effects of magnets ns 
patients, took from his pocket what he said was one of his most 
powerful magnets, totry its effects. The patient, to Von Reicher. 
bach’s astonishment, declared she found this magnet on the 


(July, 


AVE Satisfied the 
Ignoring all the 
€ actually applied, 


_ contrary very weak, and its action on her hardly more perceptibk 


than a piece of iron. M. Baumgartner then explained that this 
magnet, though originally very powerful, had been as completely 
as possible deprived of its magnetism, and that he had brought 
itasatest. Here was suggestion and expectation in full fore, 
yet it did not in the least affect the patient. (For these two 
tests see ‘‘ Ashburner’s Translation of Reichenbach,” pp. 39, 40) 
‘Test 3. A large crystal (placed in a new position before each 
patient was brought into the dark room) was always at once 
detected by means of its light, yellower and redder than that 
from magnets (loc. cit., p. 86). Test 4. A patient confined 
in a darkened passage held a wire which communicated witha 
room in which experiments were made on plates connected with 
this wire. As these plates were exposed to sunlight or shate, 
the patient described corresponding changes in the luminous ap- 
pearances of the end of the wire (loc. cit. p. 147). Test 5. The 
light from magnets, &c., was thrown on a screen by a lens, 
so that the image could be instantly and noislessly changed in 
size and position at pleasure. ‘Twelve patients, eight of them 
healthy and new to the enquiry, saw the image, and described its 
alterations of size and position as the lens or screen was - 
in the dark (loc. cit., p. 585). Dr. Carpenter’s only reply to # 
this is, that ‘‘ Baron Reichenbach’s researches upon es 
were discredited a quarter of a century ago, alike by the “e 
voice of scientific opinion in his own country, and by thato Y 
medical profession here.” Even if this were the fatt, rite 
have nothing to do with the matter, which is one of piace 
and evidence, not of the belief or disbelief of certain gare 
persons, since to discredit is not to disprove. The pal : 
operations in mesmeric sleep were ‘‘ discredited DY 
medical authorities in this country, and yet they were ap or 
Dr. Elliotson, Dr. Ashburner, and others, accepted yi 
bach’s discoveries; and some of the Vienna physicians ar 
after seeing the experiments with persons ‘“ whose honour, 
fulness, and impartiality they could vouch for, 
them as proved. 


also accept 
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The facts of the luminosity of magnets was also independently 
tablished by Dr. Charpignon, who, in his ‘‘ Physiologie, Médi- 
et Metaphysique du Magnetisme,” published in 1845 —the 
- same year in which the account of Von Reichenbach’s 
vervations first appeared—says: ‘‘ Having placed before the 
sonnambulists four small bars of iron, one of which was magnet- 
ed by the loadstone, they could always distinguish this one 
fom the others, from its two ends being enveloped in a 
triliant vapour. The light was more brilliant at one end (the 
north pole) than at the other. I could never deceive them ; they 
always recognised the nature of the poles, although when in 
their normal state they were in complete ignorance of the sub- 
ject.” Surely here is a wonderful confirmation. One observer 
in France and another in Germany make the same observation 
about the same time, and quite independently ; and even the 
detail of the north pole being the more brilliant agrees with the 
statement of Reichenbach’s sensitives (Ashburner’s Trans., p. 20). 
Our readers can now judge how far the historic and scientific 
method has been followed in Dr. Carpenter’s treatment of the 
researches of Von Reichenbach, not one of the essential facts 
here stated (and there are hundreds like them) being so much 
as alluded to, while ‘“‘ suggestion,” expectation,” and ‘‘ impos- 
ture,” are offered as fully explaining everything. We cannot 
devote much time to the less important branches of the subject, 
but it is necessary to show that in every case Dr. Carpenter mis- 
states facts and sets negative above positive evidence. ‘Thus, as 
tothe magnenometer* and odometer of Mr. Rutter and Dr. Mayo, 
all the effects are imputed to expectation and unconscious 
muscular action, and we have this positive statement: ‘ It was 
found that the constancy of the vibrations depended entirely upon 
the operator’s watching their direction, and, further, that when 
such a change was made without the operator's knowledge in the 
conditions of the experiment, as ought, theoretically, to alter the 
cootion of the oscillations, no such alteration took place.” Yet 
ange clearly states—1. That the instrument can be affected 
hae od hand of a third person with exactly the same result 
Electricity,” App., p. 54). 2. That the instru- 
pee $0 byacrystalona detached stand brought close tothe 
a. ~ ut without contact (loc. cit., p.151). 3. That many 
‘ep Owever “ expectant ” and anxious to succeed, have no 
the Aten the instrument. 4. That substances unknown to 
ever. when held by a third party caused correct 
undera wre ” that an attempt to deceive by using a substance 
ment ({o "s name was detected by the movements of the instru- 
¢. cil., Appendix, p. lvi.). Here then Mr. Rutter’s posi- 


changin 
touched” 


‘gnenometer is a delicate pendulum which, when its support is 


Y certain persons, vibrates in a definite direction, the dire@ion 
on the motion 


at the same time by the operator. 


suddenly stopping when different substances are 
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tive testimony is alt h es 
iS altoget 
quoted as supporting the view that the / pes Ot. Maye is 
with the “ expectations ” of the oper the Meri, In accordance 
page of Dr. Mayo’s work, other <i ut on the preceding 
was no expectation ; and the fact that ag a wa On 
of this source of error, and was a phy 1 ayo was well aware 
high rank, entitles his opinion as c fot ogist and physician of 
other cales t0 breat weleht. e reality of the ation in 
De; saw he ten have the testimony of 
on Wasleich Commas ilbanke use the divining. 
thenk wie declares that it turned 
could be detected, yet the rod turned Saeed 
that it became broken. No othe ed so strongly and persistent 
r person present could volun- 
Ce ee the rod to turn in a similar way 
atical Recreations,” Ed. 1840, p. 711). Th 
evidence on this subject is most voluminous but a, have i 
duced sufficient to show that Dr. Carpenter's su osed d | 
does not account for all the facts. iy 
ak interestin g¢ and important subject of 
Pz r. Carpenter introduces with a great deal 
of irrelevant matter calculated to prejudge the question. Thus 
he tells his readers that ‘‘ there are at the present time numbers 
en and women who have so completely surren 
to a dominant prepossession as t0 
fiction (as of a person being 
leu! from Edinburgh to London} 
upon the evidence of a single 
ber oy io en ess be one upon whose testimony we should 
affairs of life!’’ He offers no proof of this 
‘ we venture to say he can offer none, and it 18 
par Fans 1er example of that complete misrepresentation of the 
pinions of his opponents with which this book abounds. At 
page 71, however, we enter upon the subject itself, and at once 
encounter one of those curious examples of ignorance (ot 
suppression of evidence) for which Dr. Carpenter 1s 80 
markable in his treatment of this subject. We have been 
already told (p. 11) of the French Scientific Commission which 
about a hundred years ago investigated the pretensions 0 
Mesmer, and decided, as might have been anticipated, agains 
him. Now, we have the statement that “it was by the French 
Academy of Medicine, in which the mesmeric state had bee 
previously discussed with reference to the performance of surgical 
operations, that this new and more extraordinary claim (clairid)’ 
ance) was first carefully sifted, in consequence of the offer made" 
1837 by M. Burdin of a prize of 3000 francs to anyone who sho 
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be found capable of reading through opaque substances.” The 
result was negative. No clairvoyant succeeded under the con- 


‘tions imposed. The reader unaccustomed to Dr. Carpenter's 
pistorical method would naturally suppose this statement to be 
correct, and that clairvoyance was first carefully sifted in France 
after 1837; though he might well doubt, if offering a prize for 
reading under rigid conditions was an adequate means of sifting 
afaculty so eminently variable, uncertain, and delicate as clair. 
yoyance 1s admitted to be. What, then, will be his astonishment to 
‘that this same ‘‘ Académie Royal de Medicine” had appointed 
acommission of eleven members in 1826, who inquired into the 
whole subject of mesmerism for five years, and in 1831 reported 
in full, and in favour of the reality of almost all the alleged 
phenomena, including clairvoyance. Of the eleven members, 
nine attended the meetings and experiments, and all nine signed 
the report, which was therefore unanimous. This report, being 
full and elaborate, and the result of personal examination and 
experiment by medical men—the very ‘‘trained and sceptical 
experts,’ who are maintained by Dr. Carpenter to be the only 
adequate judges—is wholly ignored by him. In this report we 
ind among the conclusions—‘‘ 24. We have seen two sonnam- 
bulists distinguish with their eyes shut objects placed before 
them: name cards, read books, writing, &c. This phenomenon 
took place even when the opening of the eyelids was accurately 
closed by means of the fingers.”’* Is it not strange that the 
“historian” of mesmerism, &c., should be totally ignorant of the 
existence of this report, which is referred to in almost every work 
onthe subject? Yet he must be thus ignorant or he could never 
say, a8. he does in the very same page quoted above (p. 71), 
‘that in every instance (so far as I am aware) in which a 
thorough investigation has been made into those ‘ higher pheno- 
ee of mesmerism, the supposed proof has completely failed.” 
re be said that investigation by nine medical men carried 
whe Ried hey with every means of observation and experi- 
fallow, reported on, was not thorough, whence it 
oe r. Carpenter must be ignorant of it, and our 
igo io their own inference as to the value of his 
eee e dependence to be placed on his scientific and 
‘storical treatment of this subject. 
"9 ya Pah pages of the book are occupied with 
ailed accounts of the failures and alleged ex- 
chirvoyant porrarents, while not a single case is given of a 
mittee, or ng stood the test of rigid examination by a com- 
that y medical or other experts, and the implication is 
“Hone such are to be found. But irer k th 

clairvoyance is dal ut every enquirer knows that 
0 be certain! ost delicate and uncertain phenomenon, never 

y calculated on, and this is repeatedly stated in the 


Atchiy 
ism, pp, de Medecine, vol. xx.; also in Lee’s Animal Magne- 
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works 0 
can an fore! Gregory, Teste, Deleuze, and uy 187 
any number of individual fai , and others, 
reality of the failures affect How, then 
oon deena comparatively rare successe the question of the m0! 
pee Bo cod hit the bull’s-eye at 1 s. As well deny that clas 
sane 4 e £ hitting it always, and ata oe yards, because nop The 
a rsa evoted to the failure of Al oment’s notice, Seven (Me 
in England, e and Adolphe Didie 
ar nobile frat » has ever b 
lish vatrum. Cen sin 
in England a considerable that these gentle. the 
at they have ever since retai after the date he 
clairvova , and that both still practise ned their power and ~ 
area. sg the one in London, and th successfully medica bel: 
vations of ten tim » Ur. Lee has given his 
most startling kind Animal Successes, some of 
complete only find room here for PP. 255; 
by himself sts. The first is given by Serjea independent and hes 
word was of experts was Pg Me 
en 
an envelope, a distant town and pore 
Ww lé ar 
envelope was nowing what the word 
Alex; rown paper, each sealed. Thi ssively in six others of , 
half who placed it on his forehead was handed ob 
wrote the contents correctly, | in three minutes and of 
bi ing. (‘What am I,” vol. ii y, imitating the very hand. a 
statement by Serjeant C . ii, p. 167.) Now unless this 
failur J ox is absolutely fal up 
lures cannot outweigh it. But w y false, a thousand 
ee than this; and Dr Car we have, if possible, bette @ 
is attention to it in the « Rone knows it, because I called th 
to it. I refer to the he makes no 
reatest of modern coni ny of Robert Houdin, the 
Dr. Carpenter, when Pe mii whose exploits are quoted by s 
weirs ’ they serve his purpose (pp. 76 111), He : 
bilities. and knew all their poss 
he did He Mirville to visi 
m himself, but Alexis named the own new cards, dealt m 
even named the trump before as they lay on the table, and 
repeated several ti it was turned up. This wa 5 
imes, and Houdin declared that neither chance 
a book from hi produce such wonderful results. He then took 
pages b is pocket and asked Alexis to read something eigtt » 
5 eyond where it was opened fe fre P 
pricked the place with opened at a specified level. Alexis h 
found at the pl h a pin, and read four words, which wet n 
numerous place pricked nine pages on. He then told Houdi t 
tried to his son, in some of which Houdin ht 
im, but in vain ; and when it was over Houdia e 


that and the next day signed a declaratio 
port of what took place was correct, adding, “™ 
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nore I reflect upon them the more impossible do I find it to 
sass them among the tricks which are the object of my art.” 
The two letters of Robert Houdin were published at the time 
(May, 1847) in “ Le Siécle,” and have since appeared in many 
works, among others in Dr. Lee’s ‘‘ Animal Magnetism ”’ (pp. 

163 and 231). | 
One of the supposed exposures made much of by Dr. Carpenter 
's that of Dr. Hewes’s “‘ Jack,” which is suggestive as showing 
the complete ignorance of many experimenters thirty years ago 
as to the essential conditions of the manifestation of so delicate 
and abnormal a faculty as clairvoyance, ignorance shared in by 
believers and sceptics alike. According to Dr. Carpenter (whose 
account he informs me is takén from an article by Dr. Noble 
in the “ British and Foreign Medical Review” of April, 1845), 
Jack’s eyes were “‘ bound down by surgeons with strips of ad- 
hesive plaster, over which were folds of leather, again kept in 
place by other plasters.” Jack then read off, without the least 
hesitation, everything that was presented to him, But a young 
Manchester surgeon had his eyes done up in the same manner, 
“and, by working the muscles of his face till he had loosened the 
plasters, was enabled to read by looking upwards. The conclu- 
sion was immediately jumped at that this was the way Jack did 
it, although no working of the muscles of the face had been 
observed, and no looking upwards described. Instead, however, 
of repeating the experiment underthe same conditions, but more 
watchfully, it was proposed that the entire eyes should be covered 
up with a thick coating of shoemakers’ wax ! The boy objected 
and resisted, and it was put on by force; and then, the clair- 
ti powers being annihilated, as might have been anticipated, 
eo glorification among the sceptics, and Dr. Carpenter 
ie.” in a joke, telling us that Jack now ‘ plainly saw, 
oe is eyes shut, that his little game was up.” To 
Rp ts © considers this case, even as related by Dr. Carpen- 
Adhe will be evident that the boy was a genuine clairvoyant. 
— properly applied by a medical manon a passive 
merle, cdi to be loosened by imperceptible working of the 
Sy beliens : 1s too great a demand upon our credulity to ask 
sceptics at this occurred undetected by the acute medical 
ens the whole procedure. We have, however, 
carried eae Seeeeee case to refer to, in which this very test was 
0 its proper conclusion by examining the state of the 


ast 
ster after the clairvoyance, when the alleged looseness could 


inst 
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ination of a sceptical committee, who appear 
work very thoroughly. First his eyes were 
as found that the balls were so turned up that 
ids a little apart, ordinary vision was impos- 
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sible.* Then he was closely watched, and while th 
seen to be perfectly closed, he read easily. Thena 
was applied, carefully warmed, in three layers, and 
to see that the adhesion was perfect all round t 
the boy read what was presented to him, someti 


€ eyelids were 
dhesive plaster 
it was watched 
he edges, Again 
mes easily, some. 


nts the plaste 
taken off strip by strip by the committee, and it was found toh 


perfectly secure, and the eyelids so completely glued together that 
it was a work of some difficulty to get them open again, This 
case is recorded, with the names of the committee in th 
“Zoist,” vol. iv., pp. 84—88; and I call the reader’s attention ty 
the completeness of the test here, and its demonstration of the 
reality of clairvoyance, as compared with the loose experiment 
and hasty jumping-to-a-conclusion in the case which Dr.Carpen. 
ter thinks alone worthy of record. 

Dr. Carpenter next comes to the work of Professor Gregory 
(‘* Letters on Animal Magnetism,”’) and devotes several pages to 
assertions as to the professor's ‘ credulity,” the “ reprehensible 
facility’ with which he accepted Major Buckley’s statements, 
the ‘“‘entire absence of detail’ as to “ precautions against 
tricks,” and his utter failure to find a clairvoyant to obtain Sir 
James Simpson’s bank-note. ‘And yet,” he says, referring 
especially to myself, ‘‘there are even now, men of high scientific 
distinction, who adduce Professor Gregory's testimony on this 
subject as unimpeachable!” Readers who have accompanied 
me so far, will at least hestitate to accept Dr. Carpenter's dictum 
on this point, till they have heard what can be said on the other 
side. To give full details would occupy far too much space, | mus 
therefore refer my readers to Professor Gregory's book for some 
cases, and give merely a brief outline of others. At page 34 
(Case 29) is. given in detail a most remarkable test-case, 
which Professor Gregory sent some handwriting from Edinburgh 
to Dr. Haddock’s clairvoyant at Bolton; who gave in esas 
minute description of the writer, her appearance, dress, house, Il 
ness, medical treatment, &c. At page 401 another test of the same 
kind is described. At page 403 a number of such cases . 
summarised, and one very completely given in detail. a" 
423 is an account of a clairvoyant boy at the house 0 e 
Schmitz, Rector of the High School at Edinburgh. ibe 
described Professor Gregory’s house accurately, and the “. 
at that time in the dining-room (afterwards ascertaine 
correct). Asa further test Dr. Schmitz was asked to ce ie 
another room with his son and do anything he liked. ine 
then described their motions, their jumping about, the ee ; 
out and coming in again, and the doctor beating his rest 
roll of paper. When Dr. Schmitz returned, pany | 
repeated all the boy had said, which the doctor, much 4 

1! 
* This is a constant feature of the true mesmeric trance, but Jacks 
accusers seem to have known nothing about it. 
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declared to be correct i 
san account of particular 
Professor Gregory’ er clairvoyant - At page 44 
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inew nothing. A er just before. b eading a new b ardly 
t page . Dut of ook whi 
recovery of a stolen wy 405 is a most which the Pr f ich 
by Dr. Haddock’s and detectio remarkable cas olessor 
through Sir Walter of the thief in the 
Gregory. At page a revelyan, who oh ‘The letters all ondon 
covery of the localit 7 are the particul owed them to P passed 
only, sent from the sd travellers b ars of the extraordi rofessor 
velyan in Edinburgh oyal te inary dis- 
knowing either the na and by him ay Society to a oe 
Many more cases names of the tr 0 Bolton, he hin C. Tre- 
that “total o, but these are 
to this we have or entirely i S experim ,” and of 
‘ng at Bolton, the account of Dry. ignoring eriments, which. is 
gory’s ex esiding in or near] n practis- 
‘ ul clairvoyant this girl, and of Sir Walte of Professor 
pendix to his « powers is gi a full accoun r Trevelyan 
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voyant Seale S Professor 
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vent their being opened without detection, and that the Professo well 
adds, ‘‘ I have in my possession one of the Envelopes thus i ther 
which has since been opened, and I am convinced that ry | the 
cautions taken precluded any other than lucid vision,” a Phi 
Still more important, perhaps, is the testimony of man bec 
eminent physicians to the existence of these remarkable ae, whe 
Dr. Rostan, Parisian Professor of Medicine, in his article «Mag. lett 
netisme,”’ in the ** Dictionnaire de Medecine,” says (as quoted con 
by Dr. Lee), ‘“‘ There are few things better demonstrated than enc 
clairvoyance. I placed my watch at a distance of three or foy Dr. 
inches from the occiput of the sonnambulist, and asked her if she me 
Saw anything. ‘Certainly,’ she replied, ‘it is a watch; ten sup 
minutes to eight.’ M. Ferrus repeated the experiment with the tha 
same successful result. He turned the hands of his watch was 
several times, and we presented it to her without looking at it; \ 
she was not once mistaken.” The Commissioners of the Royal Tal 
Académie de Medecine applied the excellent test of holding 2 atte 
finger on each eye-lid, when the clairvoyant still read the ur 
title of a book, and distinguished cards. (Quoted in Dr. Lee's ag. 
‘‘Animal Magnetism,” p. 22.) Dr. Esdaile had a patient at “me 
' Calcutta who could hear and see through the stomach. This of 
was tested by himself with a watch, as in the French case quoted oft 
above. (‘ Zoist,” vol. viii., p. 220.) Dr. Teste’s account of the to 
clairvoyance of Madame Hortense is very suggestive. She wa 
sometimes read with ease when completely bandaged, and when wh 
a paper was held between her eyes and the object ; at other Dr 
times she could see nothing, and the smallest fatigue or excite th 
ment caused this difference. This excessive delicacy of the su 
conditions for successful clairvoyance render all public exhibi a 
tions unsatisfactory; and Professor Gregory “ protests against "1 
the notion that it is to be judged by the rough experiments of the 2 
public platform, or by such tests as can be publickly applied. - 
For the same reason direct money tests are always objected he . 
by experienced magnetisers, the excitement produced by 
knowledge of the stake or the importance of the particular : : 
impairing or destroying the lucidity. This is the reason he: ‘ 
gentlemen and physicians like Professor Gregory, Major Buc . p 
and Dr. Haddock, who have had the command of chiro ) 
have not attempted to gain the bank-notes which have at — : 
times been offered. Dr. Carpenter was very irate er 3 
suggested at Glasgow—not as he seems to have rere 
that there was no note in Sir James Simpsons enve 
that the clairvoyants themselves, if they heard of it, mig R 
* Dr. Carpenter says that ‘‘the unsealing of letters and the 
So as to conceal their having been opened”’ are practised in reory go ke t 
offices. No doubt this can be done with an ordinary letter, os , aly preclude 0 
certain that there are many ways of securing a letter which abso ~ As pre: a 
its being done undetected, and Dr. Carpenter omits to state that : 


having 
cautions are here expressly mentioned by Professor Gregory as 
used in these experiments. 
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well be excused if they thought it was a trick to impose upon 
them. I find now that in the other case quoted by Dr. Carpenter, 
the note for £100 publicly stated to have been enclosed by Sir 
Philip Crampton in a letter, and placed in a bank in Dublin, to 
become the property of any clairvoyant who should read the 
whole of it—this was actually the case. After six months the 
letter was opened, and the manager of the bank certified that it 
contained no note at all, but a blank cheque! ‘The correspond- 
ence on the subject is published in the ‘ Zoist,” vol. x., p. 35. 
Dr. Carpenter’s indignation was therefore misplaced; for, as a 
medical knight in Ireland did actually play such a trick, the mere 
supposition on my part, that ignorant clairvoyants might think 
that a medical knight in Scotland was capable of doing the same, 

was not a very outrageous one. 3 | 
We now come to the last part of Dr. Carpenter’s lecture— 
Table-Turning and Spiritualism, and here there is hardly any 
attempt to deal with the evidence. Instead of this we have 
imelevant matters put prominently forward, backed up by sneers 
against believers, and false or unproved accusations against 
‘mediums. To begin with, the old amusement of table-turning 
of fifteen or twenty years ago, with Faraday’s proof that it was 
often caused by unconscious muscular action, is again brought 
tothe front. Table-tilting is asserted to be caused in the same 
way, and an “indicator” is suggested for proving this ; and the 
whole matter is supposed to be settled because no one, so far as 
Dr. Carpenter is aware, “‘ has,ever ventured to affirm that he has 
us demonstrated the absence of muscular pressure,” and “until 
such demonstrations shall have been given, the tilting—like the 
luming—of tables may be unhesitatingly attributed to the un- 
— muscular action of the operators.”” We suppose Dr. 
will shield himself by the “thus” in the above 
oo though he knows very well that a far more complete 
ation of the absence of muscular pressure than any 
i or — afford has been repeatedly given, by motion, both 
of the table occurring without any contact 
tical Soc; hus, in the Report of the Committee of the Dialec- 
sas - y, we have (p. 378), Experiment 13, nine members 
nlaced hed Stood quite clear of the table, and observers were 
moved alon r i to see that it was not touched, yet it repeatedly 
jerked 1 as e floor, often in the direction asked for. It also 
floor about an inch. This was repeated when 
‘test = rom the table. Experiment 22. Six members 
thing | occurred under varied conditions. 
Were most te A 390). Eight members present, the conditions 
the table at ¢ 5 the chairs were all turned with their backs to 
: 4 toot distant from it; every member present knelt 


n 
m2 of lien eet his hands behind his back; there was abund- 


» yet, under these test-conditions, the table moved 
‘10 various directions, visible to all present. Finally 
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the table was turned up and examined, and found to be an 
ordinary dining table with no machinery or apparatus of ap h 
kind connected with it. Similar movements without contact ot 
have been witnessed elsewhere and recorded by Serjeant Cox and i 
by Mr. Crookes, as well as by many other persons: yet the man 
who comes before the public as the “ historian ” of this subject . 
tells his audience and his readers that “he is not aware thi th 
anyone affirms that he has demonstrated the absence of muscular pr 
pressure’! How are we to reconcile this statement with Dr of 
Carpenter’s references to each of the books, papers, or letters th 
containing the facts above quoted or referred to? But we have th 
evidence of a yet more conclusive character (from Dr. Carpenter's - 
own point of view), because it is that of a medical man who has 
made a special study of abnormal mental phenomena. Dr. - 
Lockhart Robertson, for many years an editor of the “ Journal of b 
Mental Science’’ and Superintendent of the Hayward’s Heath of 
Asylum, declares that his own heavy oak dining table was lifted 1 
up and moved about the room, and this not by any of the fou he 
persons present. Writing was also produced on blank paper : 
which the medium “had not the slightest chance of touching” 7m.“ 
(‘* Dialectical Report,” p. 248). Dr. Carpenter is always crying - 
out for “‘ sceptical experts,’ but when they come—in the persons 2 


of Robert Houdin and Dr. Lockhart Robertson, he takes vey 
good care that, so far as he is concerned, the public shall not i 
know of their existence. What, therefore, is the use of hs 


asking me (in a note at p. 108) whether my table ever went f 
within its crinoline in the presence of a “sceptical expert | ty 
The very fact that I secretly applied tests (see “ Miracles ant ‘ 
Modern Spiritualism,” p. 134) shows that I was myself sceptical 

at this time, and several of my friends who witnessed = se 
periments were far more sceptical, but they were all satisfied f 
the completeness of the test. The reason why some scept! Hay 
men of science never witness these successful experienets | 
simply because they will not persevere. Neither Dr. a s st 
nor Professor Tyndall would come more than once to my fa y 
to see the medium through whom these phenomena occult Be ‘ 
I feel sure they might, after two or three sittings, ere te 
witnessed similar phenomena themselves. This has ren é de 
all that Dr. Carpenter has seen at odd times -_ : C 
many years of little avail. He has had one, ri pe g! 
two, sittings with a medium, and has taken t a re th 
usually weak or negative, as proving imposture, Be with 

has gone no more. Quite recently this has happet 
Dr. Slade and Mrs. Kane; and yet this mode of pag u 
up as against that of men who hold scores of apie spats m 
together with the same medium, and after 
every possibility of deception or delusion obtain i long et a 
seem to Dr. Carpenter incredible. Mr. Crookes ha : D. 


in his 
of sittings with Miss Kate Fox (now Mrs. Jencken) in ™ th 
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house, and tested the phenomena in every ee his ingenuity 
could devise. Dr. Carpenter was recently offered the same 
facilities with this lady and her sister, but as usual had only one 
sitting, Yet he thinks it fair and courteous to make direct ac- 
wsations of imposture against both these ladies. He revives 
the absurd and utterly insufficient theory that the ‘‘ raps” are 
produced by ‘‘ a jerking or snapping action of particular tendons 
¥ either the ankles, knees, or toes.” The utter childishness of 
this explanation is manifest to any one who has heard the sounds 
through any good medium. They vary from delicate tickings to 
noises like thumpings with the fist, slappings with the hand, and 
blows with a hammer. They are often heard loudly on the 
ceiling or on a carpetted floor, and heard as well as felt on the 
backs or seats of chairs quite out of reach of the medium. One 
of the sceptical committees in America tested the Misses Fox by 
placing them barefooted on pillows, when the “ raps” were 
heard as distin¢tly as before on the floor and walls of the room. 
Mr. Crookes states that he has heard them on the floor, walls, 
&c., when Miss Fox was suspended in a swing from the ceiling, 


‘and has felt them on his own shoulder. He has also heard them 


ona sheet of paper suspended from one corner by a thread held 
between the medium’s fingers. A similar experiment was tried 
successfully by the Dialectical Committee (‘‘ Report,” p. 383). 
Ata meeting of the same committee raps were heard on a book 
while in the pocket of a very sceptical member; the book was 
placed on the table, and raps again heard ; it was then held by 
two members supported on ivory paper knives, when still raps 

were heard upon it (‘* Report,” p. 386). 
Again, there is the evidence of Professor Barrett, an experi- 
enced physicist, who entered on this enquiry a complete sceptic. 
¢ tells us that he examined the raps or knockings occurring in 
the presence of a child ten years of age—that in full sunlight, 
oy every precaution to prevent deception had been taken— 
still the raps would occur in different parts of the room, entirely 
ae reach of the child, whose hands and feet were sometimes 
4 Apneny at other times held. The phenomena have been 
wd n rp way that the ingenuity of sceptical friends could 
oe as Professor Barrett is well acquainted with Dr. 
naga : writings on the subject and the explanations he 
pare another proof of the utter worthlessness of 

z nations in presence of the facts themselves. 

Miss Foo — R. D. Owen has heard, in the presence of 
udgeon awe | as if made by a strong man using a heavy 
manor brok all his force, blows such as would have killed a 
roxen an ordinary table to pieces; while on another 


resembled what would be produced by a 


P. 275); and ball, and shook the house (‘* Debateable Land,” 
these wonderfull, Carpenter would really have us believe that all 


Produced by 


lyvaried sounds under all these test conditions are 
snapping tendons,” 
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a3 mole of the reprehensible eagerness with which 
accepts and retails whatever falsehoods may be 
‘irculated against mediums; and it will be well to consider here 
wo other unfounded charges which, not for the first time, he 
brings forward and helps to perpetuate. He tells us that ‘the 
‘Katie King’ imposture, which had deluded some of the leading 
spiritualists in this country, as well as in the United States, was 
wublicly exposed.” This alleged exposure was very similar to 
that of Mrs. Culver’s, but more precise and given on oath—but 
he oath was under a false name. A woman whose name was 
subsequently discovered to be Eliza White {declared that 
she had herself personated the spirit-form at several stated 
ances given by the two mediums Mr. and Mrs. Holmes, she 
having been engaged by them for the purpose ; and she described 
a false panel made in the back of the cabinet by which she 
entered at the proper time from a bedroom in the rear. But 
Colonel Olcott, a gentleman connected with the New York 
daily press, has proved that many of the particulars about her- 
selfand the Holmes’ stated in Mrs. White’s sworn declaration 
ate false, and that she istherefore perjured. He has also proved 
that her former character is bad; that the photograph taken of 
“Katie King,” and which she says was taken from her, does not 
the least resemble her; that the cabinet used had no such move- 
able panel as she alleged ; that the Holmes’ manifestations went 
on just the same on many occasions when she was proved to be 
elsewhere ; that she herself confessed she was offered a thousand 
dollars if she would expose the Holmes’; and, lastly, that in 
Colonel Olcott’s own rooms, under the most rigid test conditions, 
and with Mrs. Holmes only as a medium, the very same figure 
appeared that was said to require the personation of Mrs. White. 


his minister, and made ‘their mother seriously ill; and that they have con- 
tinuously maintained the same for nearly thirty years, and in all this long 
a never once been actually detected. But there are facts in the 
hen) Of these phenomena which demonstrate the falsehood of this 
oe but which Dr. Carpenter, as usual, does not know, or, if he knows 
* a amg public. These facts are, firstly, that two previous inhabitants 
ccedl om at Hydesville testified to having heard similar noises in it ; and, 
bf they at on the night of March 31st, 1848, Mrs. Fox and the children 
ate ae Mr. Fox only remaining, and that during all night and the fol- 
let in presence of a continual influx of neighbours the “‘ raps” con- 
J when the two girls were present. This crucial fac is 
“ Footfalls on the B given in so popular at ook as Mr. R. Dale Owen’s 
the spot, and obi: oundary of Another World” (p. 209). Mr. Owen visited 
urs which v ee a copy of the depositions of twenty-one of the neigh- 
undisputed tg rawn up and published a few weeks after the events. This 
OM taps, as ae en in connection with the great variety of sounds—varying 
ammer—and th a knitting-needle, to blows as with a cannon-ball or sledge- 
and the Dialea : conditions under which they occur—as tested by Mr. Crookes 
tendon” theo % Committee, completely and finally dispose of the * joint and 
be the use ry - applicable to the ascertained facts. What, therefore, can 
continually trying to galvanise into life this thoroughly dead 


Orse, al 
cor Ong with its equally dead brother the table-turning ‘indicator ”’ ? 
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The full details are given in Colonel Olcott's « p 
Other World,” pp. 425—478. eople fom th 

Another alleged exposure is introduced inthe following terms:— 
‘‘T could tell you the particulars, in my possession, of the deter 
tion of the imposture practised by one of the most noteworthy of 
these lady mediums in the distribution of flowers + 
flowers having really been previously collected in a basin Up. 
Stairs and watered out of a decanter standing by—as was proved 
by the fact that an inquisitive sceptic having furtively introduced 
into the water of the decanter a small quantity of ferrocyanide o 
potassium, its presence in the ‘dew’ of the flowers was after. 
wards recognised by the appropriate chemical test (a per-salt o 
iron) which brought out prussian blue.” 

In his article on the ‘ Fallacies of Testimony,” in the “Con. 
temporary Review” of January, 1876, where Dr. Carpenter firs 
gave an account of this alleged exposure, it is stated that “a 
basin-full of these flowers (hollyhocks) was found in a garret with 
a decanter of water beside it,” that the ferrocyanide was mixed 
with this water, and that all this was not hearsay, but a state. 
ment in writing in the hand of the “ inquisitive sceptic ” himself 
It turns out, however, that this part of the statement was wholly 
untrue, as we know on the authority of a letter written by the 
lady of the house, and afterwards published, and Dr. Carpenter 
now seems to have found this out himself; but instead of with. 
drawing it wholly (as in common fairness he ought to have don¢), 
he still retains it ingeniously modified into an inference, buts 
worded as to look like the statement of a fact ;—“ these flower 
having really been previously collected in a basin,” &c.,—®aswas 
proved "—not by finding them, but by the chemical test! What 
an extraordinary notion Dr. Carpenter must have of what is 
‘‘really”’ proof. Let us, however, look a little further into this 


July, 


‘matter, of which more is known than Dr. Carpenter adduces, 0 


than he thinks advisable to make public. Dr. Carpenter's It 
formant was a member of the family in whose house the — 
was staying as a guest. He had therefore full knowledge 0 . 
premises and command over the servants, and could very me 
have ascertained such facts as the bringing of a large ye bs 
hollyhocks, asters, laurels, and other shrubs and flowers hs ‘i 
of the visitors’ bedrooms, and whether they disappeared rom 
room when the lady medium left it previous to the priglboe 
would have been direct evidence, and easily 
the family, but none such is forthcoming ; instead 0 wp es 
the altogether inconclusive though scientific-looking pen 
test. For it is evident that the flowers which sare he 
brought from somewhere, and may naturally be broug these maf 
shortest distance. If there are flowers in the house, 


hen af 
be brought—as a baked apple was actually oho ge this very 
als with such 


apple was asked for, according to one of the nee 
séance ;—and if a sceptic chooses to put chem! 
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dowers or baked apples beforehand, these chemicals may be de- 
tedted when the flowers or apples are examined. The wonder of 
such séances does not at all lie in where the flowers are brought 
from, but in the precautions used. The medium’s hands, for 
‘nstance, are always held (as they were in this instance) yet when 
thus held the flowers drop on to the table, and even particular 
fowers and fruits drop close to the persons who ask for them. 
This is the real fact to be explained when, as in this case, it 
happens in a private house ; and the alleged chemical test has 
no bearing on this. But here the test itself is open to the gravest 
suspicion. The person who says he applied it had struck a light 
in the middle of the s€ance and discovered nothing. He was 
then, in consequence of some offensive remarks, asked to leave 
the room or the séance could not go on; and subsequently high 
words passed between him and the medium. He is therefore 
not an unbiassed witness, and to support a charge of this kind we 
require independent testimony that the chemical in question was 
not applied to the flowers after they appeared at the séance. 
This is the more necessary as we have now before us the state- 


' ment in writing by another resident in the house, that some of 


the flowers were sent to a medical man in the town, and that no 
trace of ferrocyanide of potassium could be detected. The accu- 
tacy of the supposed tests is also rendered very doubtful by 
another fact. In a published account of the affair in the ‘* Bath 
and Cheltenham Gazette,” endorsed by Dr. Carpenter’s informant 
lin a letter now before me) as being by a friend of his and sub- 
stantially correct, it is stated that the ‘‘ same authority” who is 
said to have “demonstrated the presence of potassium ferro- 
cyanide” on the flowers also examined some sand which fell on 
the table at the same sitting, and found it to contain salt, and 
therefore to be sea-sand, and to agree microscopically with the 
af from a sea-beach near which the medium had been staying 
a lew days before. This reads very like truth, and looks very 
pe but it happens that another gentleman who was pre- 
hy = scance in question took away with him some of the 
7 ay € purpose of subjecting it to microscopic examination ; 
: tory that gentleman—NMr. J. Traill Taylor, Editor of the 
eather Journal of Photography ” and an occasional contributor 
eae ve journals—I have received the following note 
alluded ubject :—‘* I remember the séance to which you have 

» and which was held on the evening of August 23, 1874, 


qd 
uring the Belfast Meeting of the British Association, which I 


Was attending. 


At that ti . 
thgaged in the ime, among other bye-pursuits, I was 


ie ed t microscopical examination of sand of various 
my visit no opportunity of procuring samples. During 
ounties Do reland I obtained specimens from the sea-coast of 
Neagh, Whe and Armagh, as well as from the shores of Lough 
Seen to the shower of sand fell upon the table during 
4ppropriated a quantity of it for subsequent exami- 
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nation, The most careful inspection under the microscope satis 
fied me that it was absolutely identical with some that had be 
procured from the Antrim coast of Lough Neagh, while if i 
fered in certain respects from that obtained at the Sea Coast, 
Having subsequently seen a communication on this subject in 
the “English Mechanic ” (by a writer who, I believe, had not 
been present at the séance), the purport of which was that the 
s€ance sand was similar to some obtained from a part of the sea. 
coast where the medium had been recently residing, I again sub. 
jected these various sands to microscopical examination, only to 
be confirmed in my previous conclusion. I followed this bya 
chemical test as follows :—I washed each sample of sand ina 
test-tube with distilled water, to which I then added a solutionof 
nitrate of silver. A precipitate of chloride of silver was obtained 
from all the samples of sea-sand, but no precipitate was formed by 
that which came from Lough Neagh nor by that obtained at the 
séance, which last, under this chemical test behaved in a manner 
precisely similar to the Lough Neagh sample. I recollect that the 
result of this test was my feeling sure that the writer to whom I have 
alluded had not had the same data as those in my possession for 
arriving at a conclusion. In about a year after that time I threw 
away over a dozen different samples of sand, including those to 
which I have referred, as I required for another purpose the 
boxes in which they had been kept.” 

This clear and precise statement demonstrates the untrust 
worthiness of the authority on whom Dr. Carpenter relies, even 
if it does not indicate his disposition to manufacture evidence 
against the medium in question. At all events, with the mor 
complete account of the whole episode now before them, out 
readers will, we are sure, adinit that the evidence is by no means 
free from suspicion, and is quite insufficient to justify its being 
used to support.a public charge of deliberate imposture. It also 
affords another example of how Dr. Carpenter jumps at explana 
tions which are totally inapplicable to the facts in other cases 
as, for example, to the production of flowers and ferns in my ow! 
room, as narrated in my ‘‘ Miracles and Modern — 
page 164, and to that inthe house of Mr. T. Adolpaus a 
as given in the “ Dialectical Report,” pp. 277 and 372, 1m pie 
case the medium had been carefully searched by Mrs. Trollop 
before the séance began. . dix of 

We have now only to notice the extraordinary a roe 
pieces justificatives, which, strange to Say, prove nothing, ‘ 
have hardly any bearing on the main questions at pon a 
have, for instance, six pages of extracts on early ppg 
flagellants, and the dancing mania; followed by four Pa ve the 
Mesmer; then an account of Mr. Lewis’s experiments es p 
Medical School, Aberdeen, which failed ; then eight Pee oust 
effects of suggestion on hypnotised patients—=ffects 
known to every operator, but having no bearing ont 
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=a never hypnotised or mesmerised, and to whom no sug- 


gestion Was made ; after this comes ten pages on the planchette, 
on which no one relies without collateral evidence ; and then an 
account of some foolish clergymen, who thought they had direct 
‘oof of Satanic agency; then comes Mrs. Culver’s statement 
‘(called a “* deposition before magistrates” in the text), to which 
we have already referred ; then my own letter to the ‘‘ Spectator” 
i Mr. G. H. Lewes’s supposed proof of the imposture of 
Mrs. Hayden ; then the oft-told story of Dr. Carpenter's inter- 
‘views with Foster, from the “ Quarterly Review” article; then 
‘more of Mr. Braid’s ‘‘ suggestion and expectancy ”’ experiments, 
_and that is all! Not one solitary piece of careful investigation 
or unimpeachable evidence in these forty-two pages of what 
are announced as pieces justificatives ! 
. Let us now summarise briefly the results of our examin- 
ation of Dr. Carpenter’s book. We have given a few examples 
of how he has misrepresented the opinions of those op- 
posed to his theories. Although he professes to treat the sub- 
ject historically, we have shown how every particle of evidence 
 isignored which is too powerful to be explained away. As exam- 
ples of this we have referred, in more or less detail, to the denial 
by high authorities of the reality of painless surgical operation 
during the mesmeric sleep; to the ‘‘ Report of the Royal 
Académie de Medécine,” supporting the reality of clairvoyance 
and the otner higher phenomena of mesmerism ; to experiments 
on clairvoyance, before French medical sceptics ; to the evidence 
of educated and scientific men in Vienna as to the truth of Rei- 
chenbach’s observations : to the personal evidence of Robert 
—— Professor Gregory, Dr. Mayo, Dr. Haddock, Dr. Lee, 
ry nace Dr. Rostan, Dr. Teste, and Dr. Esdaile, as to 
i ay Det the reality of clairvoyance; to the evidence 
Committee, of Dr. Lockhart Robertson, 
* rial a Crookes, and myself, as to motion of solid 
nd not caused by muscular action ; to the evi- 
ectical Committee, of the Hon. Robert Dale 
trably and Professor Barrett, as to raps demon. 
te evidenee muscles or tendons of the medium; to 
wSion of ea i . A. Trollope and myself as to the pro- 
lof which it 7 emonstrably not brought by the medium,— 
ignored by Ds a and everything analogous to it, is totally 
“scientific » ai eer. Again, this work, professing to be 
tlerences, has : erefore accurate as to facts and precise as to 
representat i zert shown to be full of misstatements and mis- 
ete is no evidence examples we have—the statement that 
WConscious of his of the mesmeriser’s power to act on a patient 
ere is good sth pach do so, whereas | have shown that 
did not chins amg evidence of this power; that Reichenbach 
Many admirabl IS Subjects to tests, whereas I have quoted 
© tests, as well as the independent test-obs:rva- 
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tions of Dr. Charpi 
- UNarpignon ; 
acte that R 
it operator did not 
that Ro Rutter states 
te onthe of Medicine first positiv 
nd declared it not Clairvoy. 
fessor Gre in 1525, and reported » Whereas they fr 
imposture v which credulous, and took favourably ; that Pro 
which I have shown to precautions against 
tha medi umerous errors and misstat not the fact. Again 
flower-séan alleged ‘‘ Katie King” isses Fox and Mrs 
ce chemicall ing €xposure, and 
statement, re y exposed. And , and of the 
. 7 peated unde 4 lastly, we ha 
investigation has t r many forms, th mG 
aken pla , that when adequ 
experts = have been piace, and especiall quate 
em Clally when “ 
been discovered. But ployed, trick or imposture h yoo. 
ut this I have shown to b as always 
experts,” and Surely medical men grosses 
have nine m re “‘trainel 
investigating for of the Royal Academy of 
this English medical roi 
and deciding that it is of enquity tt 
Prof G concerned ? ar least as the purty 
regory, and Mr. Crookes who we 
with tion to the subject ; Prof Bart 
that D resh and sceptical mind Pinca t, who has come to 
4 r. Carpenter can give him 4 with all the warnings 
ri neither imposture nor dition yet declares it to be reality, 
ye extreme scepticism on ror sy while another recent convet 
ecturer on Comparative A is subject is Dr. Carter Blatt 
wae last year wrote me that stminster Hospi 
e W . on S 
he y genuine and worthy of scientif 
bi s arrived at this conclusion c examination, 
investigations, he say slowly, so, 
es heen under the » He s—‘* Every experiment perform 
as been rigorou some protessiona mediums have shown 
sly el 
of the A raininiceznng evidence of Robert Hondin to the fe | 
of Alexis; Mr. T. A. Trollope informs 
of the Bosco, * utterly scoute the ide 
such phenomena as ce 
Gi. performed by any of the art al 
, at Glasgow, last year, Lord Rayleig 4 us that 
took with him ayleigh informed us 
phenomena h . professional conjuror to Dr. Slade’s, that {he 
appened with considerable perfection, W le * 
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conjurot _ not form the remotest idea as to how the effects 
ee sot concluded what has been a painful task ; but in 
the interests of truth it was necessary to show how completely 
untrustworthy is the self-appointed guide that the public so 
blindly follow. By ample references I have afforded to such of my 
readers as may be so inclined the means of testing the correctness 
of my charges against Dr. Carpenter , and if they do so they will, 
Ifeel convinced, not only lose all faith in his explanations of 
these phenomena, but will also find how completely ignorant of 
this, as of most scientific subjects, are those writers in our influ- 
ential literary press who have, almost without exception, praised 
his book as a fair and complete exposition of the subject on 
which it treats. | 

It also seems to me that an important question of literary 
morality is here involved. While maintaining as strongly as 
anyone that new or disputed theories should be subjected 
to the fullest and severest criticism, I yet hold that this 
should not involve either misrepresentation or what has 
been termed the “‘ conspiracy of silence.’ It is, at the best, 
hard enough for new truths to make their way against the 
opposing forces of prepossession and indifference ; and bearing 
this in mind, I would ask whether it is in the interests of human 
progress and in accordance with right principles, that those who 
have the ear of the public should put forth, under the guise of 
impartial history, a thoroughly one-sided and erroneous account 
ofa disputed question. It may be said that errors and mis- 
statements can be exposed, and will only injure the author of 
them; but unfortunately this is not so. ‘The popular view of a 
subject like this is sure of a wide circulation, and writers in the 
daily and weekly papers increase its publicity, whereas few read 
the answer, and the press decline or refuse to make it known.+* 


mt striking proof of this statement has been quite recently furnished us. 
; ; “y given below was sent by Dr. Slade to Professor E. R. Lankester. 
nit Z Seem to exhibit, in a high degree, the characteristics of truth, fairness, 
ish it pe No answer was received. The press, moreover, refused to pub- 
roctadry the daily press, one and all, refused to insert it even as an adver- 


“PROFESSOR E. R. LANKESTER. 


“ 
having in some measure recovered from his very 

desire Soy Ai engagement to St. Petersburg having been postponed 
dies is iriends there) till the autumn, desires me to make the follow- 
Hg sot piling toreturn to London for the express and sole purpose of satis- 
uced by an tie ne, Witing occurring in his presence is in no way pro- 
unaccompanied ery of his. For this purpose he will come to your house 
your own slate yc one, and will sit with you at your own table, using 
him as wel] and pencil ; or, if you prefer to come to his room it will suit 


“ In th 
at the arrangement being agreed upon, Slade would prefer 


be kept stri 
never can pt strictly private. 


als, a .. Suarantee results, you shall give him as many as six 
“ And d more if it shall be deemed advisable. . 4 


you shall be put to no charge or expense whatever. 
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j 
As the very existence of the press depends See ake 
inevitable, but it none the a 
those who possess this popularity if they mislead public o he 
by inaccuracy or suppression of facts. he 

In his article on “ Fallacies of Testimony” Dr. 
quoting Schiller, says, that the “real philosopher" 
from the “trader in knowledge” by his always loving truth 
better than his system. If our readers will carefully weigh the 
facts now laid before them, they will be able to decide how fa 
Dr. Carpenter himself belongs to the first or to the second of 
these categories. 


ALFRED R. WALLAce. 


Text-Book of Structural and Physiological Botany. By Otto 
W. Tuome. Translated and Edited by ALrrep W. 
F.L.S. London: Longmans and Co. 


WE have here a translation of a German work which has found 
great approbation in its own country, and will probably expe 
rience an equally favourable reception in England. It embraces 
the whole range of elementary botany, and will prove a safe and 
convenient guide for the student in the earlier part of his career. 
The Editor, however, very judiciously reminds his readers that in 
Natural Science ‘‘ the greater and the most useful part of the 
student’s knowledge must always be acquired in the field, or with 
the dissecting knife in hand,” the use of text-books being merely 
to put him in the right track for personal research, and to save 
him from the necessity of re-discovering what others have already 


“You on your part shall undertake that during the period of the sittings, 
and for one week afterwards, you will neither take, nor cause to be taken, not 
countenance legal proceedings against him or me. oe 

‘‘ That if in the end you are satisfied that the slate-writing 18 produce 
otherwise than by trickery, you shall abstain altogether from further ye 
ings against us, and suffer us to remain in England, if we choose to do 80, 
unmolested by you. 

Tf, on she ether hand, you are not satisfied, you shall be at liberty to ya 
ceed against us, after the expiration of one week from the conclusion 0 * 
six or more experiments, if we are still in England. You will — 
Slade is willing to go to you without witnesses of his own, and totrust ¢ 
to your honour and good faith. 

* Conscious of his own innocence, he has no mali 
He believes that you were very naturally deceived by ap 
one who had not previously verified the phenomena under mo 
conditions, may well have seemed suspicious. 

“* Should we ws hear from you within ten days from this date, Slade 
conclude that you have declined his offer. 

‘‘T have the honour to be, sir, your obedient servant, «J, So ons” 


ast 
ce agaiust you for the p 
pearances, which, to 


re satisfactory 


will 


37, Spui-straat, The Hague, May 7th 1877. 
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sbserved before him. The real educational value of Natural 
History, the development of the power of observation, wili utterly 
escape those whose studies are confined to books. 

The successive chapters of the work are devoted to a consi- 
feration of the cell as an individual ; the cell as a member of a 
eroup of similar cells ; the construction of the plant out of cells ; 
the external form of plants; the life of the plant; special mor- 
phology and classification ; the changes in the vegetation of the 
slobe during past geological epochs ; and botanical geography. 
The last division is illustrated with a map, showing the twenty- 
four regions into which the earth is divided by Griesbach in his 
“Végetation der Erde ’’—a classification which Mr. Bennett 
thinks “ too unqualified,” both with regard to the boundaries be- 
tween the regions and the chara¢ters which distinguish them 
fom one another. It is interesting to compare these regions 
with the geographical divisions of the animal world, as laid down 
by Mr. Wallace. We must own to a little surprise at finding 
Madagascar classed as an ‘‘ Oceanic Island,” along with the 
Azores, Madeiras, and Canaries. 

The chapter on vegetable paleontology gives an accurate but 
necessarily very brief account of the flor of bygone ages. 

In the section on the “ Life of the Plant,’ the influence of 
temperature, light, &c., upon vegetation is carefully described. 

The work is throughout abundantly illustrated, and will, we 


hope, prove useful to those real students who seek not to “ pass,” 
but to know, 


The Geology of England and Wales. A Concise Account of the 
Lithological Characters, Leading Fossils, and Economic 
Products of the Rocks; with Notes on the Physical Fea- 
tures of the Country. By Horace B. Woopwarp, F.G.S., 


of the Geological Survey of England and Wales. London: 
Longmans and Co. 


ee — been the geological works recently put forth in 
ve owned ere was still, we believe, room for a condensed work 
fully on sie ey the geology of our own country that should be 
Mr. Wood dase hi the present state of the science. This want 
satisfaor ard has supplied in what we must pronounce a very 
sive, ie Seeman His treatise is well arranged, comprehen- 
carefully sa me concise. All unnecessary verbiage has been 
cessity of a , SO that the student is not placed under the ne- 
of paddin wxing out the facts he wants amidst a dreary waste 
himself is little. The author declares 
he judicious! What is technically called a ‘* uniformitarian,” but 

Usly adds that “ in concluding that the physical forces 


ave be 
VO en the same throughout geological time ’’ we must guard 
os VII, (N.S.) 2 G 
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against supposing their action ‘ 
intensity to that of which we Bey te brag Bers, - of similar 
He also lays down a limitation which is sa ti in the preset 
overlooked by cavillers at geology and convenient! 
cial province of the geologist,”’ he enti = The spe 
with the Earth after it was in a fit state to saa ae 
life, when the proportion of land to water was a ri = 
it is now, and the climate and physical condilisas, 
varying over the same area during the different veol ‘ea ~ 
were subject to the same laws and attended by ineligea = 
reese . . . To go back to the very earliest history of the Bart 
when it was part of a nebulous mass, would be to trespass . 
the region of the astronomer, and when. we conaliiae le in 
history we come upon questions which must be answered by th 
geographer and the archeologist.” 
in its general principles, the 
ution. quotes, at any rate without 
saad oa pp ‘a e opinion of Prof. Huxley, that “ the less 
rd palzontologists pay to the deposit from which fossils ar 

obtained so much the better, for not unfrequently has a new 
name been given to a known fossil because it has been found in 
strata where it was previously unknown.” The same eminent 
author even longs for ‘‘a new race of palzontologists, utterly 
ignorant of geology ’—a pious wish in which we find ourselves 
unable to join. | 

In treating of the economic bearings of geology, Mr. Wood- 
ward remarks that ‘the relation between health and geology’s 
also a point which has in recent years received a good deal ol 
attention, and maps have been published and memoirs written 
show the relation between certain forms of disease and geolo 
gical structure—even between geology and lunacy! It is wel 
known, indeed, that a gravelly, sandy, or chalky soil 1s mor 
healthy than a clay foundation, because the former are pervi0'S 
to water and the latter is impervious. On the former there is 
less consumption than on the latter, as Mr. Whittaker and Ds 
Buchanan have clearly demonstrated: the artificial removal 0! 
subsoil water has, however, done much to equalise the condl- 
tions. Again, the water-supply is a most important subject, i 
in some smal! country villages and towns the inhabitants sult 
very much from its impurity. Situated, perhaps, on elevate 
eround, with a good porous soil, they yet suffer because of . 
disgraceful state of the drainage, the wells being shallow, 
the sewage and even the churchyards draining into them. | ; 
cause of teetotalism will not find many admirers when : ’ 
often the women and children who suffer most from eo? 
impure water, while the men who take their beer are less su?) 
to disease.”’ 

We fear that the sentence last quoted will bring down at 
Mr. Woodward the gravest denunciations of the “ tempe!4 
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» But we cannot help remarking that it is in districts 
having a porous subsoil where polluted waters, and other evils 
arising from sanitary neglect, are most rampant. A stiff com- 
pact clay opposes an impassable barrier to the diffusion of cess- 
pool and churchyard drainage. But over chalk and gravel, the 
cesspool and the well, though separated by an interval of perhaps 
1 dozen yards, are practically identical. In a small town in 
Kent we even found that the sewage, after removal of the solids 
by means of subsidence-pits, was allowed to soak down and dis- 
appear in the permeable subsoil, which must thus become irre- 
deemably saturated with putrescent matter, and must constantly 
sive off noxious gases and vapours. 

As regards the antiquity of the human species, the author 
admits that it appeared on the earth’s stage unquestionably at a 
date very much earlier than our forefathers imagined. With 
Mr. Boyd Dawkins, he holds that man was co-existent, in this 
country and in Western Europe, with the lion, the hairy ele- 
phant, and the woolly rhinoceros, and that if his existence can 
be traced back to or even beyond the Glacial epoch, extending 


' ftom 240,000 down to 80,000 years ago, a still higher antiquity 


must be assigned him. 

The work is admirably illustrated, and is furnished with a good 
geological map of England and Wales, with a glossary of tech- 
nical terms, a synopsis of the animal kingdom, a list of the prin- 
cipal works consulted, and a bibliography of the geology of the 
English counties. 


_We consider that Mr. Woodward’s work merits almost unqua- 
lited commendation. 


The Whitworth Measuring-Machine, including Descriptions of 
the Surface-Plates, Gauges, and other Measuring-Instru- 
ments, made by Sir Foseph Whitworth. By T.M.Gooveve, 
andC. P. B. SHeLttey, C.E. London: Longmans and 

0. 1877, 

Weallknow how ver 

is Manufactured by 

recognise the great 

perfecting the ma 


y superior English machinery is to that which 
many other countries, but we do not always 
Share which Sir Joseph Whitworth has had 
chinery whereby our most accurate work is 


One, 

that « Pon authors of the work before us state at the outset 

Worksh Wo principal surfaces of essential importance in the 
stop may be dist 


cylinder. » inguished as a ‘true plane’ and a ‘true 
clean mercur a nearest approach to the former is a surface of 
time and thou “pig Sir J oseph Whitworth has devoted much 
and accurate git to the production of perfectly plane surfaces 

methods of minute measurement, and his instru- 
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ments approach to accuracy as nearly as is possible, Messrs 
Goodeve and Shelley have given an interesting account of the 
instruments, accompanied by good plates and woodcuts. 


The Theory of Sound. By Lord Rayteicu, M.A., F.R.S., for. 


merly Fellow of Trinity College, Cambridge. Vol, | 
London: Macmillan and Co. 


Every student of the mathematical theory of sound has felt the 
exceeding meagreness of the information on the subject within 
his reach. The ordinary text-books treat of Sound merely by 
way of an appendix to Dynamics and Hydro-dynamics, and con. 
sequently limit themselves to the most elementary parts of the 
theory, with scarcely a hint as to the existence of a mass of 
important recent investigations sufficiently numerous and valu. 
able to require a separate treatment of the whole subject. The 
book before us is the first instalment of a work intended tore. 
medy this deficiency, and certainly, so far as the range of this 
first volume extends, achieves a success. 

After some valuable preliminary remarks on the ordinary 
theory of musical notes as due to vibrations, amongst which is 
to be found a remarkably clear exposé (p. 17) of the reasons for 
supposing the sensation of a simple tone to be due to a simple 
harmonic vibration, the author proceeds to describe various 
appliances for investigating the rapidity of the simple vibration 
which may be present in any compound vibratory motion, illus 
trating at the same time the laws of superposition of smal 
motions without interference, and showing very clearly the natur 
of the interference effect, in a simple case, of the superposition 
of motions which are so great that the squares and higher powes 
of the disturbance cannot be neglected—an effect which ae 
itself in the production of vibrations whose periods are r 
doubles, sum, and difference of the periods of the at 
The application of the method of generalised 0-0 
problem of small vibrations about an equilibrium positions " 
discussed, and the main part of the work consists of the 2 
cation. of the results to the detailed examination of the mg 
of strings, bars, membranes, and plates. This dines © 
tains all that is most important in the work of recent - 
gators, amongst whom Lord Rayleigh holds a foremost ring 

The theory of sound is perhaps somewhat 
yet to the general mathematical reader, but it 1s rm . th 
to the investigator on account of the facility and de | iedot 
acoustical tests which can be applied to verify — ae 
tions, and the author has taken care to supply this r ts of 
interest in this work by constant exhibition of the resu 
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comparison between theory and observation. The result is a 
book which, when sound is applied as an instrument of discovery 
‘, molecular physics, will be found to be the most complete 

mar we at present possess of the language in which the 
results of experiment will express themselves. 


Blementary Text-Book of Physics. By G. D. Everett, M.A., 
D.C.L. London: Blackie and Son.’ 1877. 


Tus work is intended for school classes, and passes in brief 
review the principal physical sciences. It is fairly illustrated, 
and contains many examples and questions to be worked out. 
Itdoes not appear to us to possess any advantage over some of 
the very numerous text-books of physics which have been written 
with the same object during the last ten years. 


Handbook of Natural Philosophy. Heat. By Dionysius Larp- 
NER, D.C.L. New Edition, edited by BENJAMIN Loewy, 
F.R.A.S. Lockwood and Co. 1877. 


TuIs is the familiar treatise on Heat of Dr. Lardner, enlarged So 
as to bring it in accordance with the most modern ideas on the 
sublet. There are only a few new illustrations, but no less 
than 320 pages of new matter, among which will be found an 
interesting chapter on Dissociation and the Chemical Effects of 
_ and on the Dynamical Theory of Heat. Mr. Loewy has 
one his work of editing in a very satisfactory manner, and this 


- . still in many respects the most generally useful treatise 
N teat which exists in our language. 


Theoretical Naval Architecture: a Treatise on the Calculations 
peened in Naval Design. By S.J. P. THEARLE. 2 vols. 
ondon: William Collins and Sons. 1877. 


a hace divided into six parts, which respectively embrace 
pe; (0) the relating to (a) the forms and dimensions of 
math ) 4 weights and centres of gravity of ships; (c) the 
Ips; (d) the propulsion of ships by sails; (e) the 
ml 0 ships by steam-engines ; and (f) the steering of 
ship-building cities like Glasgow the information 

wright —— will be eagerly read not only by master-ship- 
» but by the workmen themselves. A separate Atlas 
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contains sixty well-drawn plates, and a number of tables. The 
book is likely to become a standard work, and it Supplies a want 


which has been felt. 


Elements of Magnetism and Electricity. By Joun Ancett, 
London and Glasgow: William Collins and Sons. 1877, 


Tuis book forms one of Messrs. Collins’s « Elementary Series” 
of science class books. Since it was first issued it has been very 
much improved by the addition of new matter, new illustrations, 
and the examination questions which have been set at South 
Kensington since 1867 for the ‘“‘ Elementary Stage.”. The book 
is very cheap, and is well illustrated; if it has a fault, it is that 
the author has attempted to crowd too much matter into a small 
space, and the explanations are sometimes less full than might 
be desired ; but it is quite sufficient for, and suitable to, the stu. 
dents who present themselves for the elementary stage, and it 
forms a useful class book for schools. 


The Winds and their Story of the World. Vis Inertia in the 
Ocean. By W. L. Jorpan, F.R.G.S. Hardwicke and 
Bogue. 1877. 


In the first of these works the author, in discussing the nature 
of the winds, endeavours to trace a connection between the 
vortices of Descartes and Newton's law of gravitation, In 
the second the results of recent oceanic exploration are con 
sidered in reference to the vis inertia of the ocean. The main 


object of the author seems to be to refute certain assertions of 


Prof. Huxley and Dr. Carpenter. 


What is Vital Force? Ora Short and Comprehensive Sketch, 
including Vital Physics, Animal Morphology, and yy FE 
to which is added an Appendix upon Geology ; Is the “a 
tal Theory of Geology Tenable? By RicHarD Fawe 
Battye. London: Tribner. 1877. 


‘ew Of 
Tus curious book appears to have been written with poets 
ventilating certain pet theories of the author. 
is so rapid, and scientific workers are so numerous, tha 


e result 
much as most people can do to keep au courant via" ? Hence 


of real research, upon which all truth must be founde 


ymber 
we do not predict for Dr. Battye’s book a ver) larg en a 


readers, and we are afraid that we cannot class our 
them. 
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; hemistry, specially designed for Students preparing for 
C. E. ARMAND SEMPLE, B.A. London : 


Bailliere, Tindall, and Cox. 1877. 
Tus little book forms an useful abstract of the history of the 


ron-metallic elements, and might serve as an example of good 
leture-notes to those attending lectures on chemistry for the 


first time. 


The Aquarium ; its Inhabitants, Structure, and Management. By 
J. E. Tavtor, Ph.D., F.L.S., &c. London: Hardwicke and 
Bogue. 


Tur author of this book refers in his opening chapter to ‘‘a good 
deal of quibbling which has taken place respecting the word 
‘Aquarium,’” but he considers that it has now ‘ gained its 
sound,” and has ** passed out of the regions of philology into 
that of common parlance.’ This is all very true as regards the 
present, but we fear Dr. Taylor has overlooked the probability 
of more serious discussions in the future. We can imagine in 
the year of grace 2877, if the world, our modern civilisation, and 
the English language, should last so long, some Dr. Dryasdust 
reading a paper on the primitive character of aquaria, and excit- 
ing the incredulity of the public by maintaining that they were 
originally destined to promote the study of natural history, and 
once contained fishes other than those facetiously characterised 
as “loose.” It is but too probable that these establishments, 
whilst increasing in number and in popularity, are being de- 
veloped as general places of amusement in which natural history 
will play a part about as important as did the poor halfpenny- 
worth of bread in Falstaff's tavern bill. Dr. Taylor, however, 
addresses himself to the lovers of the aquarium in its original 
aay a place where the habits and development of aquatic 
a mals may be studied, and where valuable observations, 

os as well as theoretical, may be and have been made. 
te he chapters of the book are devoted to a history of 
a A a notice of such as have acquired especial reputa- 
eee oe these a prominent place belongs to the Naples 
ae io zoological station founded by Dr. Dohrn, with the 
ane he Mr. Lloyd and that of Professor Agassiz, at 
ae one near New York. These establishments are 
dissed places for thorough scientific work, fitted up with 
ing Tooms, physiological laboratories, &c., and are open 

'0 receive students and othe: 
in marine zool and others desirous of conducting researches 
Z00logy. It is scarcely needful to say that “ rinking,” 
,» and theatricals form no part of the pro- 
y scientific aquaria are much needed at such 
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places as Ceylon, Mauritius, Labuan, near Sydney, in the West 
Indies, &c., and if placed under suitable management could not 
fail to yield a rich harvest of valuable results. 


Are there no 
wealthy men at home or in the colonies able and willing to 


follow the example of that true “‘ merchant prince” who defrayed 
the expense of the great Penékese Aquarium? 

In the next chapter Dr. Taylor enters upon the “ principles of 
the aquarium,” which he recommends as a feature in private 
houses valuable as a source of comfort and enjoyment to invalids 
and sedentary persons, as a means of cherishing a love for 
natural history and as a means of moral education for children, 
This latter function it fulfils by neutralising that fondness for 
inflicting pain and death which is unfortunately so deeply rooted 
in the English nature. The author maintains that a fresh-water 
‘‘aquarium properly constructed and peopled with proper in- 
habitants gives very little treuble indeed.” He cautions 
beginners against the common error of overstocking their 
aquaria and of exposing them to an excessive amount of light, 
the result of which is the development of a green film of Alge 
over the glass and over the water-plants. A well-balanced 
aquarium does not require a frequent change of water. In sue. 
ceeding chapters an account is given of the amphibians, fishes, 
insects, and plants best suited for stocking a fresh-water tank, 
and an especial and interesting section is devoted to the 
‘aquarium as a nursery for the microscope,” or rather for 
microscopic objects. 

The author then turns to the construction and management o! 
salt water or marine aquaria, which present undoubtedly greater 
difficulties, and require to be on a larger scale, but which, on the 
other hand, offer a much wider scope. 

The work must be pronounced to be clearly and ably wmtten, 
well and abundantly illustrated, and will doubtless draw 1 


creased attention to aquaria, and thus render them more servi’ 
able to science. 
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SCIENTIFIC NOTES. 


Tue western states and territories of the American Union have suffered very 
seriously from the ravages of noxious insects, among which the locust, or 
hopper, as it is familiarly called, holds a bad pre-eminence. Under these cir- 
cumstances it is very fortunate that the American Government and people do 
not, like so many nearer home, look upon entomology as a frivolous and 
useless pursuit, but have of late years given decided encouragement to its 
cultivation. A commission has been appointed to investigate and report on 
the best means of combatting the locust. The commissioners, Messrs. C. V. 
Riley, A. S. Packard, Jun., and C. Thomas, have all ‘made their mark,” and 
the public may rest assured that their recommendations will be based upon an 
accurate’ knowledge of the habits of the destroyer. The United States Com- 
missioners propose, as the means of destroying the eggs and newly hatched 
young, ploughing, with subsequent harrowing and rolling. For the first 
eight or ten days after hatching, and in the mornings and evenings subse- 
quently, they are sluggish, huddle together, and may be easily driven into 
tows of burning straw, or into ditches about 2 feet wide by 2 feet deep, and 
with steep sides. Wider ditches permit their escape more readily, except the 
depth be increased likewise. Various kinds of drag-nets and bags, to be drawn 
by hand or horse-power, have also been used with great effect. With one of 
these, in Minnesota, from eight to twelve bushels of pupw have been taken 
daily. The Commissioners finally insist strongly on the proteétion of all 
inseCtivorous birds—a very judicious recommendation. 


The records of the “ United States Geological and Geographical Survey of 
the Territories” always contain much valuable information. No. 4 of 
vol. ii, of the Bulletin comprises five important memoirs, namely, ‘‘ Notes on 
the Geology of North-eastern New Mexico,” by O. St. John; ‘* Sexual, Indi- 
_ and Geographical Variation in Leucosticte Tephrocotis,” by J. A. 
Variation among North American Mammals, especially 

v, to Size, by J. A. Allen; “ Descriptions and Illustrations of Fossils 

m sara s and Sucia Islands, and other North-western Localities,” by 
‘r Alen a and “Note on the New Genus Uintacrinus,” by F. B. Meek. 
ode alter a careful examination of the series of skulls of the North 
contained in the National Museum—a collection which 
specimens yop magnificent,” amounting as it often does to 80 to 100 
deprees of ae species—has been greatly struck with the different 
of the same he tg exhibited by representatives of species and genera even 
latitude ee In the wolves and foxes the variation in size with 

er species . 25 percent of the average size of the species, while in 
ever, that the ed : Fere it is almost nil. The common supposition, how- 
be admitted as © of a Species decreases with a decrease in the latitude cannot 
increase as we : pi law, since, in some forms, there is a well-marked 
geographical con southward. He expresses the connection of size with 
Physical develo the following laws:—(1.) ‘‘The maximum 
Most favourable to the lin the individual is attained where the conditions are 

found where Aig ite of the Species.” (2.) ‘* The largest species of a group 

‘velopment, or wh 6roup to which they severally belong reaches its highest 
(3.) “The moat ote what may be termed its centre of distribution.” 

und also near iy. ate or most generalised representatives of a group are 
or less * aberrant ? centre of distribution, outlying forms being generally more 
of NeW genera an or specialised.” The first portion of vol. iii. is a description 

species of dipterous insects from the region west of the 
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Mississippi and especially fromm California, by C. R. Osten Sacken 


author expresses himself convinced that “the wes 
and that many of the characteristic forms of California sooner or later will 
turn up in Colorado.” He has traced unexpected analogies and coincid " 
between the fauna of California and those of Europe, Chili 2nd ~ 
Australia, and, on the other hand, has found unforeseen differences vy 
fauna of the Atlantic States. His final summary of results is exceedin . 
structive, and must be regarded as a most valuable contribution to + be 
geography. Contrary to his former belief he finds that the Rocky Mountains 
do not form a natural boundary for a distin@& entomological fauna, The true 
boundary is an imaginary line, which some place about longitude 98° W., and 
others about 100°, and to the west of which agriculture becomes Precarious 
without the aid of artificial irrigation, owing to the intense dryness of the 
summers. In this region the insects, like all other organisms, have to adapt 
themselves to the prevailing meteorological conditions. This aczounts for the 
prevalence of the Heteromera among beetles. These inse¢ts have aremarkable 
power of resisting desiccation, owing to the toughness of their integuments, 
and being nocturnal they escape the action of the sun. Like the Carabide 
of the same region, also nocturnal, they have usually a black colour, The 
same dryness of soil and climate fosters the fossorial Hymenoptera, and the 
nests of these are again infested by Melade among Coleoptera, and Bomby. 
lide among Diptera. Similar climatic conditions occur in the eastem 
hemisphere in the Mediterranean region and Central Asia, and there also the 
same forms of life prevail. The author, however, holds that the resemblance 
between the West American and the Mediteranean faunz is not a relationship, 
but a mere analogy, due to similar climatic conditions. Of insects the same 
families prevail, but not necessarily the same genera. A totally different case 
is the resemblance between the Californian fauna and that of Northern and 
Central Europe. Here, instead of similarity, there is a striking difference in 
climate. That, therefore, European species should be found in California, 
Texas, and Colorado and yet be wanting in the Atlantic States, points to 
‘some hidden genetic: conneétion between the faune of Europe and of 
Western America.” ‘Thus the common magpie, unknown in the Eastem 
States, is not uncommon in California. Among insects the author furnishes 
many curious instances of this similarity. Sometimes genera are common (0 
the two regions, sometimes species, and sometimes, again, Californian forms 
find their nearest representatives in Europe. Our English Papilio Machaon , 
almost identical with the P. Zolicaon of California. Plusia gamma, ny 
the most abundant European moths, is very common in California, but does 
not occur east of the Mississipi. The distribution of the dipterom Git 
Apiocera is most remarkable; hitherto it has been only found in C ye 
Australia, but the author describes a species from California. had ae 
Uhler’s report on the inse¢ts collected by himself in 1875, and on the ry . 
colle&ed by Dr- Packard, Jun.,is alsoimportant. He describes 
very atundant in Colorado. ‘On the open commons of the city 0 . J 
he writes, “‘I was delighted to see large patches of showy flowers, a. 
observe how certain insects of similar colours flew to and rested sa 
Very conspicuously was this the case with a delicate blue Lupin. nese Swit 
of the little blues, Lycena melissa and L. vapahe, settled as of grass: 
and when at rest were very difficult to recognise.” The re bp 
hoppers—one of the greatest pests of Western America—attracte chan the 
attention. He noticed that the females were much more numerou 
he extent of ten 

males—in the cases where he was able to count even to ti 1 descriptions 
one. Into the lists of insects captured or seen, and the pagers mee spply 
the Hemiptera, we cannot of course enttr. The same — ‘ders from the 
Dr. A. S. Packard’s descriptions of Dr. Thorell’s collection of sp! 

Colorado territory. 


From the records of the ‘‘ Geological Survey of India 
the resignation of Dr. Oldham, owing to declining health. 
of the Geological Survey of India and Presiden 
Bengal, he has “ made his mark” and rendered the most imp 


tern fauna is essentially ong 
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ix. se Records Mr. Lydekker gives an interestin 
“ee cadet From the number of species and genera found in the 
° sis and other Indian strata he considers that India was the original home 
one Proboscidians. Elephas, Mastodon, Deinotherium, and Tapirus are all 
{fossil in that country. The migration probably took plase from thence, 
ere all the sub-genera had arisen long before the Siwalik times. ‘‘Loxodon 
‘wen rige to Loxodon meridionalis of the English ‘ Forest be s,’ and subse- 
aly ° the living Loxodon africanus. Euclephas may first have given rise 
to the Siwalik species, from which again sprang the Narbada species and the 
living Euclephas indicus, and, on the other hand, to another branch which 
travelled over Asiatic Russia and thence to Europe, producing the Mammoth 
(E. primigenius) and the other European species. ’ “ Mastodon, as having 
the widest .distribution—Europe, Asia, and America—as well as from being 
the most generalised type of the family, may well be considered as the most 
ancient form of the group; its earliest occurrence .1n India is in the supra- 
summulitic beds of Sind and Kach, and its latest existence was probably in 
the marshes of the Ohio, where it not unlikely lived down to the human 
period. It is the only American representative of the family, and its migration 
may well have taken place from India westward. Mastodon was the first of 
the elephants to die out in India, it being unknown after the Siwalik period.” 
Pat 3 includes a paper on “The Age of some Fossil Floras of India,” by 
Ottocar Feistmantel; a note on “The Geological Age of Certain Groups 
Comprised in the Gondwana series of India, and on the evidence they afford of 
distin& Zoological and Botanical Terrestrial Regions in Ancient Epochs,” by 
W.T. Blanford, F.R.S.; a memoir on ** The Fossiliferous Strata at Matéri 
and Kota,” by T. W. H. Hughes, F.G.S.; and notes on the “ Fossil Mam- 
malian Faune of India and Burma,” by R. Lydekker, B.A. Mr. Blanford 


concludes “that the faunas and floras of distant lands varied in palzozoic 


and mesozoic times, as they do at the present day far more than the fauna of 


the seas; in short, that there were distin& zoological and botanical provinces, » 


and that evidence founded upon fossil plants of the age of rocks in distant 
regions must be received with great caution, and that such evidence is cer- 
lanly in some cases opposed to that furnished by the marine fauna.’’ Mr. 
ydekker, in summing up the fossil mammalia of India, finds that all the 
— found in the Indian tertiaries below the Nerbudda beds are extinct. 
he numerical relations of the genera are as follows :— 


25 
Peculiar to Indian tertiaries .. .. .. .. os 14 
Common to Indian and European tertiaries .. .. 26 
Common to fossil and living Indian faune .. .. 17 
Common to Indian tertiaries and modern Africa .. 12 
Common to Indian tertiaries and modern Europe... 8 


“Th 
greatest number of genera common to any two periods occur in the 


ead besos and India; next to them the greatest common number is 
is common ee and fossil Indian faunze ; thirdly, a small number of genera 
poner are cog € extinct fauna of India and the living fauna of Africa; a few 
anna: while —_ to the extiné Indian fauna and the modern European 
ndia ‘and Afics — of genera are common to the living faune of 
Point to some - hese results, the author considers, ‘‘ appear clearly to 
tica, and atnngeg connection by land between the continents of India, 
stretching es ts A land connection between the two former regions 
arecent paper b a present Indian Ocean has been named Indo-oceania in 
Society of F. Blanford Quarterly Journal of the Geological 
aS Lemuria, ovember, 1875), and is known among other investigators 
dia was not ¢ ose days it must be remembered that the peninsula of 
. connected with Central Asia, but was separated from it by a 


-Mioc 
Course by war of Africa. The connection between India and Europe was of 
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tains an account of the geological features of the South AY India” con. 


Part 1 of vol. xii. of “‘ Memoirs of the Geological Surve 

and of the adjacent districts. The author, abratta coun 
describes the various formations from the PGS, 
rocks to the subaérial formations and soils. He mentions a cee 
lake near Sanageh, the only one in Southern India, but ated Pag a 
one other reservoir of fresh water which I should unhesitatingly 
true lake if glacial phenomena were admissible in the 1 
On this important point, the former glaciation of India, we do not § i: 
any evidence. On the Shervaroy Hills peat forms largely at oa done ete 
above 4000 feet, and in the Wyn4d at much lower levels. This ig a 
portant fact, since the formation of peat within the tropics, exce oa val 
high mountains, kas been declared impossible. In the lower tag 
Sadda caves occur, said to be very extensive: they have not, however i 
explored. The economic geology of the distri presents no striking features 
They afford nothing of value except building-stone, some of very fine qualit | 
and iron-ore, the demand for which is diminishing owing to the scarcity 
fuel. There is an earthy form of peroxide of manganese found among the 
dolomite of Bhimgarh, and gold occurs in some of the streams flowing into 
the upper part of the Malprabha, but the yield is exceedingly small. The 
author failed in getting an appreciable quantity of gold in a number of care. 
fully-selected samples of sand and gravel collected in promising places in the 
bed of the stream. The work is illustrated with sections and characteristic 
views of the scenery, many of which present very remarkable features. 


_ Puysics.—Continuing his researches on the ‘* Molecular Pressure” theory of 
the repulsion resulting from radiation, Mr. Crookes, F.R.S., has construed an 
instrument in which a movable fly is caused to rotate by the molecular pres- 
sure generated on fixed parts of the apparatus. This instrument, which is 
called the Otheoscope (wéw, I propel), he described to the Royal Society on 
April 26, 1877. While the glass bulb is an essential portion of the machineryof 
the radiometer, without which the fly would not move, in the otheoscope the 
glass vessel simply acts as a preserver of the requisite amount of rarefaction. 
Carry a radiometer to a point in space where the atmospheric pressure is 
equal to, say, one millimetre of mercury, and remove the glass bulb ; the fly 
will not move, however strong the incident radiation. But place the otheo- 
scope in the same conditions, and it will move as well without the case as 
with it. The following is a list of the otheoscopes Mr. Crookes has already 
made, together with some new experimental radiometers, which were exhibited 
at the Soiree of the Royal Society in May last :-- ie’ 

1. Otheoscope.—A four-armed fly carrying four vanes of thin clear mica is 
mounted like a radiometer in an exhausted glass bulb. At one side of the 
bulb a plate of mica blacked on one side is fastened in a vertical plane, in 
such a position that each clear vane in rotating shall pass the plate, leaving 4 
space between of about a millimetre. If a candle is brought near, and by 
means of a shade the light is allowed to fall only on the clear vanes, 0 
motion is produced; but if the light shines on the black plate, the fly in 
stantly rotates as if a wind were issuing from this surface, and keeps 00 
moving as long as the light is near. of 

2. Otheoscope.—A four-armed fly carries roasted mica vanes, and is noe 
in an exhausted glass bulb like a radiometer. Fixed to the side of the bu 
are three plates of clear mica, equidistant from each other in 4 = 
plane, but oblique to the axis. A candle brought near the fixed ee 
generates molecular pressure, which falling obliquely on the fly, causes 
rotate. tar dist 

3. Otheoscope.—A large horizontal disk, revolving by the molecular wt 
bance on the surface of inclined metallic vanes, which are blacked on 
sides in order to absorb the maximum amount of radiation. ttt 

4. Otheoscope.—Inclined aluminium vanes driven by the molecular en - 
bance from the fixed blacked mica disk below, blowing (so to § 
them. | 
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z.—A large horizontal coloured disk, of roasted mica, driven by 
eaten vanes placed underneath it. 


_A bright aluminium disk cut in segments, and each 
driven by a similar one below of lampblacked 
se 


a vertical radiometer, made with eight disks of mica 


blacked on one side, and the whole suspended on a horizontal axis which — 


works in two glass cups. The motion of the radiometer is assisted on each 
side by driving vanes of aluminium blacked on one side. 
3 Radiometer.—A vertical turbine radiometer, the oval vanes of roasted 


ica blacked on cne side. | 
eg hea spiral radiometer of roasted mica blacked on the upper 


Radiometer of large size, showing great sensitiveness. 

11. Radiometer.—A two-disk radiometer, the fly carrying roasted mica disks 
blacked on one side; in front of each black surface is fixed a large disk of 
thin clear mica. The molecular disturbance set up on the black surface, 
and streaming from it, is reflected in the opposite direction by the clear plate 
of mica, causing the fly to move abnormally, i.e., the black surface towards 
the light. 

+ ae two-disk radiometer, the fly carrying roasted mica 
disks blacked on one side, similar to No. 11, but with a large clear disk on 
each side. The molecular disturbance, prevented from being reflected back- 
wards by the second clear disk, is thus caused to expend itself in a vertical 
plane, the result being a total loss of sensitiveness. 

13. Radiometey.—A two-disk, cup-shaped, aluminium radiometer, facing 
opposite ways ; both sides bright. Exposed to a standard candle 3°5 inches 
off, the fy rotates continuously at the rate of one revolution in 3.37 seconds. 
Ascreen placed in front so as to let the light shine only on the convex surface, 
produces repulsion of the latter, causing continuous rotation at the rate of 
one revolution in 7°5 seconds. When the convex side is screened off, so 
as to let the light shine only on the concave, continuous rotation is produced 
at the rate of one revolution in 6°95 seconds, the concave side being 
apparently attrated. ‘These experiments show that the repulsive action of 
radiation on the convex side is about equal to the attra@tiive action of 
radiation on the concave side, and that the double speed. with which the fly 
moves when no screen is interposed is the sum of the attractive and re- 
pulsive a@ions, 


14. Radiometer.—A two-disk, cup-shaped, aluminium radiometer, lamp- 


blacked on the concave surfaces. In this instrument the usual aétion of light | 


's teversed, rotation taking place, the bright convex side being repelled, and 
the black Concave attracted. When the light shines only on the bright 
‘onvex side, no movement is produced, but when it shines on the black con- 
‘ave side, this is attraéted, producing rotation. 
3% Xadiometer— A cup-shaped radiometer similar to the above, but having 
beens surfaces black and the concave bright. Light shining on this 
a Sauses it to rotate rapidly, the convex black being repelled. No 
ment is produced on letting the light shine on the bright concave sur- 


fac 
ares ey rotation is produced when only the black convex surface is 


10. Radiometer,—A multiple-disk, cup-shaped, turbine radiometer, bright 


effed of the air Fett y the action of warm water below and the cooling 


17. Radiometer,— 

on sides, 
18, Radiometer,— A four- 

CUps, bright on both sides. 
Ig, Radiometey,—_A four- 


vith = of motion being d 


armed metallic radiometer with deep cups, bright 
armed radiometer, the vanes consisting of mica 


armed radiometer, having clear mica vanes. The 
etermined by the angle formed by the mica vanes 


j le inner surface of the glass bulb. 
important improve 


ment in the production of the ele¢tric light has 
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been made by M. Paul Jablochkoff, an officer j : 
ing service. M. Jablochkoff’s invention is called the Eiean 

is said to be devoid of all those appliances and restriGions which bos - 
dered the application of the ordinary eleétric light to general lightin nde 
an impossibility. The ele&rodes employed are composed of 
of carbon placed side by side, insulated by a piece of kaolin Kaolin Slip 
solid state, is an insulator offering high resistance to the eledtric cm the 
which, under the influence of a powerful ele@ric current, becomes heated 
liquefies, in which state it is no longer an insulator, but a conduGor Bering 
slight resistance to the current, which, when passed through it in this cond 
tion, affords a light, soft, steady, and brilliantly white, although it ma h 
coloured by mixing with the kaolin the colour required. No mechssinn is 
required to regulate this light, which once set up continues to burn during the 
passage of the current until the carbons are consumed, when they are replaced 
by others. The electrical arrangement consists of an ordinary magneto 
machine sending positive and negative currents alternately. From this 
machine radiate wires by which the current evolved is conveyed to the build. 
ings, or points, at which itis required for use. The illuminating arrangement 
is put in circuit with these wires, and on the current traversing the carbon 
electrodes, it fuses the kaolin and produces the light. Thus, given a means 
of producing the necessary electric current, any number of lights may be 
obtained from the same electro-motor; each dependent upon itself and al 
entirely independent of each other. Any one light may be brought into use 
at pleasure, and extinguished when required, by conneéting, or disconnecting, 
the wires in connection with them; whilst a light consumed may be replaced 
by another with equal ease. A series of experiments illustrating the lignting 
capabilities of this invention took place on June 15, at the West India Docks. 
The electric power was produced by one of the Paris Alliance Company's mag- 
neto-electric machines, with thirty-two horse-shoe magnets of seven plates each, 
and worked by asmall agricultural engine of about eight horse-power. A yard 
150 feet by 70, and covered with an awning, was well lighted with four lamps, 
mounted on posts about 15 feet high, each of which were said to be equal to 
one hundred gas-lights, but the size of the gas-light was not specified. The 
lights were toned down by opal glass globes. Pearl type was legible at any 
part of the covered area. After burning for about twenty minutes the lights 
were extinguished, and four gas-lamps, with four powerful burners to each, 
were turned on, evidently with the intention of showing the difference between 
the orange colour of the gas-flame and the pure white of the electric lamp. 
The company then adjourned to a large warehouse at the top of an — 
building, measuring about 50 yards long by 25 yards wide, which was M8 
from the outside by three electric candles without any intervening qu 
Two of these candles were placed at the side and one at the end, but ai 
only breast high the shadows of persons passing in front of them great y ré 
terfered with the experiments tried. One of the objects of this pottion® 
trial was to ascertain whether this light could be used for sampling _ At 
descriptions of produce and merchandise. Several experts were wey at 
owing to the position of the light being horizontal instead of pee po 
semed to be some doubt as to its value in the case of samples of co “d i 
pepper, and similar commodities, inasmuch as the strong I all 
tally by the individual grains of the produce under examinee frome 
materially with their colour—the particular tint of a coffee berry, ch It was 
being an important faéttor in the estimation of the value of a = The mos 
far otherwise with a nnmber of samples of coloured alpaca 00 ae are dark 
difficult colours to judge of by gas-light, or during 18a test shades of 
olive greens, puces, and blues. Next to these come the 4g ore not to be 
straw-yellow and cream-colour. In the first case the — r the elediric 
distinguished from black, and in the second from white; but eng their true 
light the darkest Navy blues and the lightest greys came  rdjourned tothe 
tints, even to the eves of the uninitiated. The company then od Here the 
quay below, alongside which a large barque had egree ng whats was 
practicability of lighting ships’ decks and holds, and the adjol 
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: trated, as well as the portability of the light itself. 
off by M. Jablochkoff's candle is comparatively 
a te glass globe of one of the lanterns used for lighting up_ the 
rf having been found to be only just comfortably warm after having been 
iichted for twenty minutes. The last experiment tried was, scientifically 

Ling, the most interesting of the whole, demonstrating as it did that 
\f Jablochkoff has succeeded in entirely doing away with the necessity for 
using carbons for the electric light. His newest form of candle consists of a 
thin plate of his kaolin composition, about 14 inches long by 1 inch broad, and 
about jth inch thick. The sides of the plate are inserted in grooves cut in 
the wires forming the electrodes of the battery, which project very slightly 
above the top of the plate. In order to light this new form of candle a bridge 
ofordinary graphite is carried along the top edge of the porcelain plate. The 
sraphite become incandescent, causing the porcelain to melt, which then be- 
comes aconductor. The graphite gradually disappears, and the melted por- 
tion of the porcelain becomes incandescent, gradually vapourising at the rate 
ofa millimetre an hour. The light given out by the porcelain seems softer, 
mellower, and much more constant and steady, than that given off by the 
combination of carbon and porcelain: indeed, after five minutes’ examination 
with black spectacles, we failed to discern anything more than a barely per- 
ceptible start at distant intervals. 


Asingular case of the production of heat has been communicated to the 
French Academy of Sciences by M. J. Olivier. A square rod of steel, 
. §ocentimetres in length and 15 millimetres square, is grasped firmly by both 
the hands of the operator, one of the hands being placed in the middle of the 
tod, and the other atone end. The free extremity is strongly pressed against 
anemery wheel revolving very rapidly. After a few minutes the extremity 
thus rubbed becomes strongly heated: the hand placed in the middle of the 
bar does not experience any feeling of heat, but the one at the ether extremity 
is heated to such an extent that the operator is compelled to let go. 


The official apnveciation of scientific knowledge in our Colonies is admi- 
rably shown by tic official reports recently issued by Colonel A. Brunel, the 
Commissioner of Inland Revenue for Canada. These are reports on weights 
and measures, and on the analysis of gas and food. A sure evidence of the 
continued material progress of a country is shown by its appreciation of 
scientific knowledge as applied to accurate measurement. For the mainte- 
nance in Canada of the British standards of length and weight, and for the 
issue to the local authorities, as well as to chemists and physicists there, of 
seal 5 of these standards, there has been established at Ottawa a 
heh — a proper scientific direction, and provided with apparatus of 
the Ie ts qk This department has also the appointment and control of 

be —— mene duty it is to inspect the trade weights and measures. 
ratns of are provided with weighing and measuring appa- 
“The anal From Colonel Brunel’s report it appears that— 
cordance with . gas and food is being carried out in the Dominion in ac- 
€ jatest scientific experience. In Canada, as elsewhere, 
rated, Quinine ee, and milk appear to be largely and unwholesomely adulte- 
a8 sold to be « Actre which is an article of great demand in Canada, is found 
with 20 per cent sicoholiced wine containing gentian and nux vomiica, 

ing a simple te alcohol, and is therefore a powerful stimulant instead of 
Purposes is also aaa The testing of gas supplied for lighting and heating 
chemists have bee : uty of the Department at Ottawa, and for this purpose 
Obtained from Mr es and a large quantity of photometric apparatus 
scarcely to have com ugg, of Westminster. The law appears, however, 
at present deficient + be into active operation, and we regrct to see that it is 
B38. We are olad N relation to the inspection of the illuminating power of 
glad to find that Colonel Brunel has been so well supported in 
as Initiated, and we trust that his Department may be 

our Colonies and Dependencies. 
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tains a detailed account of the processes used in pr 
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Microscopy.—The Monthly Microscopical Journal ” 
valuable paper by Mr. om 
Changes Caused in the Spectrum by Different Vegetable ¢ teen, 
Matters.’”’ The paper is accompanied with several spectrum charts ies 
colouring matters for examination, and also accurate sense Ban oman 
to wave lengths, of the positions of the various absorption bands rm 
Sorby, in his remarks on the paper, stated that vegetable colouring matters ; 
much more complex than is generally supposed ; most of them are undoubis 
mixtures of two or three kinds of matters, and even the Chlorophyll, the 
green colouring matter alone, is composed generally of two green matters 
which exist separately in certain plants. The line it would be most im . 
tant to carry out would be, what were the chemical differences which Save 
rise to these changes in the speé¢tra. 


‘* Notes on Inclusions in Gems, &c.,’’ by Isaac Lea, LL.D. This paper 
published in the ‘ Proceedings of the Academy of Natural Sciences, Phils. 
delphia,”’ and reprinted in the ‘‘ Monthly Microscopical Journal,” vol, xvii, 
p- 198, may be consulted with advantage by alli persons interested in this 
subject. It contains the history of the cavities in crystals and their contents, 
from the paper by Sir Humphry Davy, published in the “ Philosophical 
Transactions,” 1822, to the present time; a full list of references is given, 
and it forms a valuable contribution to the bibliography of this interesting 
subject. 


An ingenious modification of the achromatic condenser has recently been 
constructed by Messrs. Beck. It consists of an achromatic combination 
mounted in the usual fittings; over this slides a cylinder upon an eccentric 
rotating axis; the disk closing the upper end contains a series of holes, 
which can be brought accurately one by one over the lenses of the condenser 
by the rotation of the fitting; these apertures carry a series of lenses, by 
which a modification of the illuminating pencil is obtained. Lenses, achro. 
matic or not, may be used to alter the aperture and focal length; spot lenses, 
central or marginal stops can all be employed with the greatest facility, rea- 
dering the variety of illumination attainable almost infinite. 
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A new and simple oblique illuminator has been contrived by the Rer 
Lord S. G. Osborne, M.A., which he calls the ** Exhibitor.” The foundation 
consists of a ‘ Darker” stage, as used for carrying selenite plates in 
polarising. Two counter sinkings are turned in the revolving ring, aa 
one rather larger in circumference and shallower than the lower one. Ros 
the lower sinking is dropped a disk of blackened metal, with a priate 
spherical lens mounted in the centre. Into the upper sinking are a ' rn 
metal disks with certain apertures made in them ; the front of these be ik 
just level with the face of the stage, the back close to the front of t > 
holding the small lens. A fine screw is cut into the back part of the - re 
ring, coming up just below the lower counter sinking; into this — 
ring carrying anothe: hemispherical lens of the full size of the ag aon th 
screw movement has a milled edge, permitting the distance perm 
lenses to be regulated. The apertures may be made as a ee 
very successful consists of No. 1, a fine slit, in length about the ap a oe 
the upper lens in the centre; No. 2, a similar aperture a — pgs 
quite its own length from the centre; Nos. 3 and 4,a pin hole . Oat 
also a little out of the centre; these may all be cut in one she mest of 
stage there are two steel springs for holding the sides, giving be pr 
shifting them in any direction. Abraham’s achromatic prisms E 
to the mirror, and the flame of the lamp turned edgeways. 
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